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' ? v:, jNTRODUCTION 

^ - Grinding plays a most important part in present-day indus- 
try for wifbibut it^fhe. cosj; of' ipany eversrday commodities would 
be bro&bitive. I'or eicample, -vHthput t|ie -iiipdem grinding 
macbines and'wbeds'it would, be impossible' to manufacture low- 
priced cars. Without the help of abrasive engineers such vehicles 
would cost several thousand dollars each. The abrasive^ indus- 
try has developed rapidly during the past quarter of a century 
and during this period there have been, evolved many interesting 
and economical ways of applying grinding processes. 

Data pertaining to abrasives is not always obtained readily, 
although the splendid work done by the publishers of Abrasive 
Industry has aided materially in spreading abrasive knowledge. 
The data contained in this handbook represent a painstaking 
collection covering a period of many years. 

As a reference work for works managers, chief engineers, 
designers, abrasive engineers, grinding-room foremen, and 
^grinding-machine operators, it is the hope of the editor that this 
book soon will be recognized as a standard covering the best 
current practice. This book points out how many classes of work 
can be ground advantageously and it answers practically most 
questions which confront the users of abrasive materials or grind- 
ing machines. It stands by itself as being the only work of 
its kind ever published. 
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SECTION I 


ABRASIVE MATERIALS 


Abrasive materials are classed into two groups, natural 
and manufactured. The natural abrasives are emery, corundum, 
quartz, flint, garnet, diamond, tripoli, diatomaceous earth, sand- 
stone, pumice, and natural sharpening stones. The manufac- 
tured abrasives are carbide of silicon, aluminum oxide, glass, 
and the metallic abrasives such as steel wool and steel shot and 
grit. Following is an alphabetical list of the abrasives described 
in this section: 


Abrasive Glass 
Almninnm Oxide 
Oarbide of SUleoii 
Oomndmn .m*** 

Oroecn Oompoettlon 
Diamonds 

Diatomaceous Barth 
Bmery 
Bmeiy Oake 
Bmery String ......... 

Jrjint 

Flint Shot 
Garnet 

Lime 


Page 

2 

Mflfftlllf* AlimilviiB 


Page 

as 

. 2 
» 4 

Pulp Stones 



26 

fis 

6 

Pomice Composition ........ 
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Putty Powder 
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27 

.. 18 
. 17 

Bonm and Croeos 
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.. 17 
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Steel Wool «... 
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THE ABRASIVE HANDBOOK 


ABRASIVE BtATERlALS 
Abrasive Glass 

Gkuss hAS been utUized as an abrasive for a number of 
purposes. Many years ago^ before the advent of manufactured 
abrasives, glass was considered a good medium for grinding 
locomotive throttle valves in their seats, for grinding brass 
valves for various purposes, etc. The glass was powdered 
very dne and used with water or oil. 

In England abrasive glass is used in considerable quantities 
for coating abrasive paper and doth, taking the place of the 
flint used in the United States. As tiie British supply is obtained 
from old liquor bottles, it is cheap and abundant. Id. the United 
States, however, glass coated paper has never been a serious 
competitor with flint and garnet. This is due probably to the 
superior cutting qualities of tiiese natural materials and to large 
sources of the raw product. However, under certain conditions 
glass paper has been known to give good results. It also is 
psed to quite an extent in Canada. 

ALUMmuu Oxide 

This material, which is also termed manufactured alumina, 
is an electric furnace product made by fusing materials high 
in alumina, such as bauxite. It has also been made from 
emery, resulting in the so-called German iron-free corundum. 
Manufactured alumina also is made from corundum. This prod- 
uct is used extensively for making cool cutting wheels for specific 
grinding operations. Bauxite is used principally for making 
aluminum oxide as it can be mined cheaply, while its alumina 
content is high. 

Bauxite is a clay like material, taking its name from the 
village of Les Beaux in Southern France where it first was 
observed. It never is found in a crystallized state. Its color 
runs from light yellow to deep red. Its constituents are alumi- 
num oxide, iron oxide, silica .and titanic add. It is thought to 
be a decomposition of an igneous rock. It is mined in open 
cuts, caldned to remove the excess of moisture and shipped to 
abrasive plants in carload lots. 

In the manufacture of aluminum oxide at the plant of the 
Carborundum Co., the following process is followed: 

The furnace is a simple affair consisting of an outer shell 
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which rests on a base, while two electrodes supply the cur- 
rent. While the shell is cooled by water circulation, it does 
not contain a refractory lining as the charge forms this itself. 
The furnace is mounted on, wheels so that it can be moved from 
under the electrodes after the burning operation is completed. 

In making up the charge, the bottom of the furnace first 
is lined with a carbon and tar mixture. Then a layer of bauxite 
is introduced and the electrodes lowered to rest on it. A 
path of graphite then is laid between the electrodes. This 
forms a good passage for the current, but as soon as the 
bauxite is melted it forms its own conductor. The current 
is turned on and the charge brought to a molten state. The 
current is alternating, 6000 amperes at 100 volts. 

After the first layer is melted another layer is put in 
place and the electrodes raised. This process is continued for 
about 36 hours at which time the furnace is full. During 
the melting process the oxide of iron and silica in the raw 
material unite and form ferro silicon so that the abrasive 
is practically pure. After the furnace has cooled olf the outer 
shell is removed and the ingot taken out. It is broken up 
under a skull cracker and next passed through an ore crusher. 
Next it goes through a magnetic separator. Subsequent opera- 
tions consist of feeding the material through a roller crusher 
after which it is graded into various sizes. 

Aluminum oxide varies in color from a light purple to a 
dark brown. A special variety is almost white in color. Alu- 
minum oxide is used for making grinding wheels for finishing 
materials of high tensile strength. It is used in grain form 
for setting up polishing wheels, coating abrasive paper and 
cloth, and to a certain extent for finishing stone, glass, etc. 

The ordinary variety of aluminum oxide is used for gen- 
eral steel grinding on both rough and precision work, while a 
refined variety is used largely for grinding alloy steels, for 
cutter sharpening, etc. 

Aluminum oxide first was made in 1837 by M. A. A. Gaudin 
who was performing experiments to produce artificial rubies. 
Other experimenters took up the work from time to time lay- 
ing the foundation for the latter day investigators who produced 
the material on a commercial basis. Perfection of this abrasive 
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id due to American genius chiefly to that of Charles B. Jacobs 
and Frank J. Tone. 


Casbidz of Silicon 

Carbide of silicon is a manufactured abrasive, a chemical 
composition of two elements, carbon and silica. It is made 
in an electric furnace of the resistance type, the ingredients 
forming the charge being coke, salt, sawdust and sand. Coke 
supplies the element of carbon and sand that of silica. The 
salt brings about certain reactions in the manufacturing process, 
while the sawdust makes the mass porous so that the gas gen- 
erated finds a ready means of escape. 

Ordinary carbide of silicon furnaces are approximatriy 
60 feet long, 10 feet wide and five feet high. The walls and 
sides are brick,' while the top is open. The electric terminals 
run through the end walls. They are carbon rods Ihree inches 
in diameter arranged in bundles of 60. The spaces between 
the rods are packed with graphite. The outer ends are capped 
witii copper to form electrical connections. 

The furnace charge is made up of 84 parts coke, 64 parts 
sand, 10 parts sawdust and 2 parts salt. These materials are 
mixed by mechanical means and usually they are brought to 
the furnace by a conveyor. In charging, enough of the mix- 
ture is placed in position to fill the furnace up to the level 
of the electrodes. A trench is dug between the electrodes and 
filled with granulated coke. This allovng a free passage of 
current when the burning operation is started. The furnace 
is then filled completely and the current turned on. This cur- 
rent is alternating, 190 volts and 6000 amperes. The resistance 
lowers as the furnace charge heats and after four hours of 
operation it remains constant at 126 volts, 6000 amperes. The 
sawdust bums out first and then carbon monoxide is given off, 
which bums with a yellow flame. As the action goes on the 
mass shrinks which necessitates the adding of new material. 
About 86 hours are consumed in the burning operation. Then 
the furnace is permitted to cool for a day after which it is 
broken open. The top crust is practically unaltered and under 
this is found a layer of amorphous carbide of silicon. Under 
this is the pure crystallized material of commerce. At the 
center is found a mixture of carbide of silicon and graphite. 
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The heat necessary is estimated at 7600 degrees Fahr., which 
fs sufficient to turn the core into practically pure graphite. 

The outer layer of material, that is the amorphous carbide 
of silicon, for many years was thought to have no commercial 
value. Later it was discovered that this material has high 
refractory properties so that today it forms a valuable by-> 
product. Carbide of silicon is of various colors from green 
to gray. The color is not an index of its value. Carbide of 
silicon has a well defined crystalline structure and it is exceed- 
tugly hard and sharp. It is nearly if not quite as hard as a 
diamond. Its specific gravity is approximately 8.18. 

Carbide of silicon has never been found naturally, the 
reason probably being that the heat to form it is so near that 
necessary to form graphite that the latter material only was 
formed when the earth cooled off. 

Carbide of silicon is used for the manufacture of grind- 
ing wheels, being especially valuable for grinding cast iron and 
brass. It also is an economical abrasive for grinding stone, glass, 
etc. In grain and powder form it is used for stone finishing, 
grinding, etc. Coated on paper and doth it is used for a 
diversity of purposes such as leather finishing, paint rub- 
bing, etc. 

Carbide of silicon was discovered by Edward G. Acheson 
in 1891 while he was experimenting with a small electric fur- 
nace. This material first was used for polishing predous stones, 
at which time it sold for $880 a pound. 

Corundum 

This mineral is an impure form of the ruby, a composi- 
tion of alumina and oxygen, AljOg, with impurities sudi as 
silica, ferric oxides, etc., and combined water. Some 60 years 
ago it was considered a comparatively rare mineral but now 
it is known to exist in several parts of this country. Large 
deposits have been worked (and worked out) in Hastings 
county, Canada. During the World war, immense reserves of 
this mineral were opened in the Transvaal district of South 
Africa. 

Corundum in reality is a pure form of emery as its chief 
constituent is alumina. Its crystals present no true deavage, 
but parting planes are present. If these are too numerous. 
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however, so as to be present in the individual grains of which 
a grinding wheel is composed, such a corundum is low in effi- 
ciency. An ideal corundum for abrasive wheel manufacture 
is one wherein the dull grains will break with an irregular 
to a condioidal fracture. The hardness of corundum varies 
from 8.8 to 9. It is found in three forms called boulder, crystal 
and grain corundum. 

At the present time the principal deposits in the United 
States worked for commercial purposes are in North 
Carolina near Franklin. This property is known as the Corun- 
dum Hill Mine and is controlled by the Hampden Corundum 
Wheel Co. This material is found in small crystals 
running through decomposed rock. As it is cleaned readily, 
it forms a valuable source of abrasive supply. In 
United States corundum also has been found in Maine, Massa- 
chusetts, Connecticut, New York, Pennsylvania, Delaware, Vir- 
ginia, South Carolina, Tennessee, Georgia, Colorado, Montana, 
California and Idaho. In Canada the chief deposits were found 
in Renfrew counly, Ontario. As previously stated these deposits 
have been worked out. However, operations now are being 
carried on in working over an enormous pile of toMmgs, the 
residue left by cleaning operations of other days, so that a 
source of supply of this material still is available and may 
continue for some years to come. In speaking of corundum in 
general it can be stated that it crystallizes in the rhombohedral 
division of the hexagonal system and under the head of crystal 
corundum is included all the crystal varieties of corundum 
which occur in block corundum or in sand and gravel. The fol- 
lowing are tsrpical analyses of corundum from various localities : 

CoBUNDUsE Analysis 

12 8 4 


A1*0* 96.92 98.79 96.61 96.76 

SIO* .90 1.46 1.76 

PeO* .76 .88 1.00 

H*0 2.48 .78 .74 1.46 


No. 1 is e(mmdiim from Hastings coonW, Ont., analysis— Wells. 

No. 2 is corundum from Corundum Hill Mine, N. C., analyst 

Pmerson. 

No. 8 is corundum from Laurel Creek Mine, Ga., analyst — ^Emerson. 

No. 4 is corundum from Northern Transvaal, Sooth Africa, analyst 
— Green. 

Various methods are employed for cleaning and preparing 
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corundum srain for the market, and the following description 
of the methods followed at the plant of the Zoutpansberg Grain 
Corundum Co., Ltd, as described by A. L. Hall, in the South 
African Journal of Industriea, is tTpical of up-to-date prac- 
tice. Mr. Hall is assistant director of the Geological Survey, 
Union of South Africa. 

The corundum deposits are found about 400 feet from the 
company’s mill. They occur in reef as well as in eluvial form. 
The reefs are opened up through a series of surface workings 
consisting of irregular pits, while trenches and short cross cuts 
expose a solid reef to a depth of 60 feet. The ore forms 
vertical bodies up to 12 feet thick. It is composed of coarse, 
white plumasite (feldspar corundum rock) carrying from 15 to 
60 per cent corundum. The remainder is almost entirely feld- 
spar with a small amount of bUudc mica, magnetite, etc. The 
water supply comes from a driven well located 500 feet from 
the mill. This well furnishes not less than 180,000 gallons per 
day which is ample for all milling operations. A 64-horse- 
power gas engine generates power for pumping water, run- 
ning the mill and working the dynamo for the magnetic sepa- 
rator and also for electric illumination. The nulling operations 
include crushing, concentrating and grinding. 

The ore arrives at the mill as coarse, gravelly material 
mixed with earthly debris, but including larger blocks. These 
are reduced to about half the size of a man’s fist in a 12-inch 
Robey stone crusher. The ore then is crushed by five stamps, 
each weighing 1500 pounds, in a continuous supply of water. 
The product passes out through a screen with eight meshes to 
the linear inch to a Frenier pump. 

This pump lifts the crushed material to a callow screen, 
in which a screen of 20 mesh furnishes an oversize and under- 
size. The oversize passes to a 8-compartment Hartz jig, the 
receiving compartment of which furnishes pure corundum. This 
is drained into settling vats, then dried and finally passed through 
a magnetic separator and on to a classifier. The middle com- 
partment produces lees pure corundum, to which particles of 
feldspar adhere. These are so-called middUnga and they are 
returned to the stamps. The third compartment yields almost 
pure feldspar as waste. The undersize material from the callow 
screen goes to a Spitzkasken table and then to two Wilfley tables 
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and after drying to the magnetic separator and dassifier. Slimes 
from the Wilfley tables go to settling pits. 

Concentrate from both tiie jig and Wilfley tables are 
sent to the magnetic separator in which two endles canvas 
belts pass between a powerful electromagnet so that the mag- 
netic particle are attracted to the upper belt and thrown out. 
Corundum remains on the lower belt, it being disdiarged auto- 
matically onto the dassifler. 

This device is a long, gently pulsating framework, set on 
an incline. It embodie various size of screen, the finest being 
situated next to the disdiarging bdt from the eparator. As 
the grains pass down the series of screns they are automatically 
sized into predetermined numbers. When they redi an open- 
ing large enough to accommodate them they drop through the 
screen into receptades placed to receive tiiem. Three distinct 
grades of corundum are recovered, ranging in size from 10 to 
100 mesh. The product is put up in bags of 112 pounds weight 
each. The grain sizes are 10, 14, 20, 24, 80, 86, 40, 50, 66, 60, 
65, 70, 76, 80, 100. The finished product is a greenish-gray, 
clean and uniform granular materiaL 

As an abrasive, corundum has many uses. According to 
British practice, it makes excdlent grinding wheels for fitifaWng 
materials of high tensile strength. It also is used for coating 
abrasive doth, and to some extent in grain form for setting 
up polishing wheds. In the finer numbers, it enjoys an ex- 
cellent sale among the lens-making industry, it being considered 
an ideal material for grinding glass. 

Crocus Composition 

A material composed of crocus mixed with a suitable binder 
and molded in cake form. It is used for bringing up the high 
luster seen on iron and steel parte such as cutlery. This mate- 
rial also is used on tin and similar soft materials. 

Dumonds 

Diamonds are of two general types, the white or gem 
variety and the black or carbonado atones. Bort 
used for grinding whed truing are in reality imperfect gem 
stones which because of flaws, construction characteristics, etc., 
cannot be cut into gems. 

Diamonds are found in India, South America, South Afr ffg, 
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New South Wales, Borneo, British Guiana and in the United 
States. They are foimd in the craters of extinct volcanoes and 
also in river beds or in localities where once rivers existed. 
Such stones have been washed down from mountain ranges for 
it is generally conceded that diamonds were formed in volcanoes 
only. Why this is so is not clear, but it is the consensus of 
opinion among geologists who have made a deep study of th^ 
subject. Diamonds run in color from pure white to dark 
brown. The specific gravity of the diamond is 8.5, while its 
hardness is 10 on Moh’s scale. It is conceded to be the hardest 
substance known, but this fact sometimes is disputed. Diamonds 
crystalize in the cubic system, generally as octahedrons. 

The majority of diamonds are found in South Africa the 
more important mines being the Premier, Kimberley and De 
Beers. The output of diamonds is controlled by a British syn- 
dicate which puts only so many stones on the market annually. 

In the South African mines, the stones are found in what 
is technically termed him ground. Formerly this material was 
spread out above ground for weathering before the diamonds 
were sorted out, but of late years a more direct method has been 
employed. In general about four tons of blue ground must 
be mined to produce a carat weight of diamonds. The work- 
ings extend underground for a great distance, often to a depth 
of 8000 feet or more. 

The blue ground is washed to separate worthless material 
from the gems and a further concentration follows on pulsating 
tables that are greased with vaseline. Sorting follows and it 
is here that the gem stones are recovered from the bort. The 
percentage of bort may run ansrwhere from 10 to 70, depending 
on the workings. The process followed in working river voorh- 
inge, as they are termed, is simple. The soil is sifted, the dia- 
monds sorted out and later classified. Diamonds have been 
found in the United States in Arkansas. These stones are small 
but of great purity. These workings, however, do not institute 
an important factor in the diamond market. 


Carbonado, or black diamond, is found only in Brazil in 
the state of Bahia. Carbonado is in reality an imperfectly crystal- 
lized form of diamond. These stones are excellent for wheel 
truing, but they are more expeps^^ibs^ti^ bort vaiiely. Com- 
paratively large pieces t Thfej^ ^gfe^iyushed by hydrau- 

UE^ARY 





THE ABRASIVE HANDBOOK 


lie pressure to form small stones for wheel truing and otiier 
mechanical purposes. Carbonado possesses no cleavage lines 
and hrealcs with a granular fracture. 

Balias diamonds are found in Brazil, as well as in South 
Africa. Thev are very rare compared with other diamonds. 
They are nonporous, round in shape and consist of innumerable, 
well-formed minute crystals grouped in concentrical formation 
around a nucleus. On account of their structure they have no 
defined cleavage planes and are invariably of extraordinary 
hardness. Strictly spealdng they are not harder than the best 
carbons, but they are tougher on account of their structure. 
Considered in a general way ballas have much in common with 
carbons. Brazilian ballas rank first in quality and are chiefly 
used for mineral boring and grinding whed truing. Ballas 
stones from the cape region of South Africa are considerably 
less tough than Brazilian stones but, nevertheless, they are 
superior to bort in that they are less fragile, having no plwes of 
cleavage. Bound, white diamonds often are wrongly described 
as ballas, but these are merely bort of round shapes which, being 
easily deaved, can in no wise be used in place of ballas. 

Bort stones, as used for grinding wheel truing, are more or 
less transparent crystals of white appearance occurring in 
varied shapes and sometimes in twin and multiple crystal forms. 
By far the greater part of the world's output of bort is now 
obtained from South Africa where it is mined in an hetero- 
geneous eruptive rock known as blue ground, contained in 
volcanically formed pipes extending vertically downward to 
great depths. The De Beers and Kimberley mines yield on an 
average of V^-carat of diamond per ton of blue ground while 
other mines, which nevertheless are still profitable, yield only 
a quarter of this amount, or %-carat per ton of raw material. 

The price of bort is in strict keeping with their size and 
quality. The latter depends in the first place on hardness and 
further on shape, structure, soimdness and color. Brazilian 
bort is said to rank first in point of hardness followed in approxi- 
mate order by Australian, South West Africa and Cape. The 
most desirable Cape diamonds are said to be the Jagersfontein 
and “river" followed by the Premier, Balfontein and Wessel- 
ton. Unfortunately Aui^alian and South West African stones 
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are recovered only in small size not over %-carat, and the 
Brazilian rarely exceeds 8 carats. 

Diatomaceous Earth 

The following data regarding diatomaceous earth were pre> 
pared by W. C. Fhalen: Diatomaceous earth is more commonly 
known as infusorial earth. It sometimes is referred to by its Ger- 
man name, kieselguhr. It also is, though erroneously, called tripoli. 
It is composed of the siliceous remains of minute aquatic plants 
known as diatoms, which- are of minute proportions, as a gen- 
eral rule, and have to be identified chiefly by the aid of the 
microscope. The organic matter of these plants has long since 
disappeared from most of the deposits, but there are notable 
exceptions, as in Galifomia. 

These low forms of plant life secrete silica much after the 
same manner as moUusks secrete lime, and thus build up their 
shells. It is this part of the plant which makes up the forma- 
tions found in nature. The siliceous parts accumulate on the 
bottoms of the bodies of water in which the plants lived, and in 
time attain considerable thickness, and become of economic 
importance. The diatoms may live in either fresh or salt water 
and under widdy varying conditions of depth, pressure and 
temperature. For examp>le, they have been found in the deptiis 
of ^e Atlantic ocean, and are known to occur in the warm 
springs of Yellowstone National park, to cite two extremes 
of temperature, pressure, and difference in the character of the 
water. The material is now in process of formation and although 
it has in times past been formed in very different epochs, it is 
especially abundant in the Tertiary and most of the known 
beds of great thickness are of this age. 

In chemical composition, diatomaceous earth is a hydrous 
silica or opal, but as a rule it contains a considerable quantity 
of earthy impurities. A simple test, taken in coimection with 
other distinguishing characteristics, is that when touched with 
hydrochloric acid it does not effervesce. Sometimes analyses 
from widely separated localities have a great similarify of com- 
position as shown in the first three analyses in the following 
table: 
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Analyses of Diatomageous Earth 

1S84B6T8 


Silica, SiO* 

Alamlna, AlH)* ......... 

Iron oxide, Fe'O*........ 

Lime, CaO , 

magnesia, MipO .......... 

Potash, ro 

Soda, Na^ 

Water, HH) ................ 

NitTOgeneons mattn 
and moists 

Total 


-Percentages of Gomponenta 


80.5S 

80.66 

81.53 

75.68 

65.62 

86.92 

72.60 

86.89 

6.89 

8.84 

8.48 

0.88 



4R7 

11.71 

2.82 

1.08 


8.84 

2.02 


......... 

2.86 

1J38 

0.86 

0.58 

2.61 

0.29 


1.60 

0.82 

0.48 




0.69 


Trace 

0.88 

Trace 



1.16 

0.02 

...a..... 

2.48 

1.88 

8.68 


1.48 

0.08 







12.08* 

4.01* 

6.04* 


11.00 

6.18 

9.64 

4.89 




9.21 





9o!ii 

99!o9 

oilii 

9i!77 


10^ 

99.18 

99.89 


♦Water and organic matter. 

Where 'Ae different types of infosional earth, noted above, are found: 

l^Lake Umbagog, N. H. 

S^Morris coonW, N. J. 

8,— Pope’s Greek, Ud. 

The foMgoing three analyses axe qnoted from Th» NoimetaUic Miih 
wait, second edition, by G. P. UerrilL 

d.-.'Oarton, N. H. 

6. — Soft dtetomaceons shale, Harris, Santa Barbara county, Gallf., W. T. 

Schaller, analyst. 

®-— Pwelahi diatomaceona earth, Santa Barbara county, Calif, 

7. — Soft dwtomaceous shale, Orcutt, Santa Barbara county, Calif., W. T. 

Schaller, analyst. 

8d — ^Blonterey, Monterey coun^, Calif, 

As an abrasive, diatomaceous earth is used in the manu- 
facture of polishing compositions, often being marketed under 
the name of tripoli. It is considered to be a much purer form 
of silica than true tripoli. It is used on buflhig wheels for cut- 
ting do^ before final polishing. This material has many other 
uses aside from its application for abrasive purposes. 

In preparing the earth for industrial use, it first is roasted 
to expel as much water and organic matter as possible. It then 
is transferred to a furnace and is heated to a moderately high 
tem^ature, but its porosity must not be destroyed by over 
heating. Then it is finely ground between roUers, sifted, and 
sacked to prevent re-absorption of moisture. For certain pur- 
poses, it is only necessary to give it a prolonged drying at a 
high temperature prior to grinding and sifting. 

In Santa Barbara county. Cal., the material is broken in 
open air quarries and as mined contains a considerable per- 
centage of moisture. After 40 or 60 days of drying, the material 
stiU contains a small amount of moisture, approximately 5 
per cent. 
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One of the deposits near Iionii>oc, CaL, Ihat of the Celite 
Products Co., formerly the Eleselguhr Co. of America, comprises 
extensive beds of soft white earth in a very pure state, both 
thin and massive. These form a cap over the hills and overlie 
brown siliceous shale and are comparable to them. This 
material is. quarried in open cuts. It is removed in 
large blocks and is air dried in the quarry. It takes 
from 40 to 60 d^s to reduce the water conteni^ which 
ranges from 45 to 5 pmr cent by weight. It then is hauled by 
motor trucks to the plant at Lompoc where it is ground to pow- 
der and transferred to the different warehouses by a pneumatic 
system. When blocks are required, the material is transported 
in its natural state direct from the quarry, sawed to the required 
sizes, and dried before shipment. 

On account of the quantity of absorbed surface water in 
the diatomaceous earth, it is necessary that it be split into con- 
venient blocks for drying. 

Aside from the California deposits previously mentioned, 
diatomaceous earth is found in Maine, New Hampshire, Massa- 
chusetts, New York, New Jersey, Maryland, Virginia, Florida, 
New Mexico, Nevada, Oregon, Idaho and Washington. 

Emeby 

Emery is a mixture of aluminum oxide and iron in the 
form of magnetic or hematite. In appearance it resembles iron 
ore somewhat, being of a dense granular construction. In 
reality it is an impure form of corundum. It has bemi used 
for abrasive purposes since remote times. The principal emery 
deposits of the world, listed in the order in which they were 
discovered are the Grecian Isles, Massachusetts, Turkey in Asia, 
and New York State. 

The most important deposits of the Grecian Archipelago 
are found on the island of Naxos. Here the emery occurs in 
large blocks. Some of the deposits occur in white marble. 
The north and east ends of the island contain the most valu- 
able deposits. According to the United States Geological survey, 
the best grade of ore is obtained from Vothrie, located nine 
miles from the coast. Another important deposit is at Apper- 
onihos, seven miles inland. Emery also is found near Yasso 
in the southern part of the island. It occurs in abundance in 
the form of boulders so that there is little need to mine ihe 
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hard ro(^ An excellent quality of emery also is found on 
the island of Nicaria, but the deposits are not extensive. The 
island of Samos also furnishes exc^ent emery. Naxos emery 
is dark gray with a mottled surface. It often occurs with 
blue particles of corundum which are recognized with the naked 
eye. Emery from Nicaria sometimes riiows a laminated struc- 
ture. It is dark blue in color and often mottled. Nicaria emery 
is quite compact. Samos emery is of a uniform dark blue color 
being found both in coarse and flne>grain forms. 

Mining operations in the Grecian Isles are of a primitive 
character. Blocks of ore, which are not too large, are trans- 
ported in their natural condition to the coast while larger blocks 
are broken by sledge blows, usually after they are heated for 
several hours and cooled suddenly by the apphcation of water. 
This causes the ore to fracture. 

Importing work to facilitate the mining and marketing 
of Naxos emery was begun during 1928. An aerial cable- 
way and narrow gage lines have been constructed at an approxi- 
mate cost of $120,000. The funds were supplied by the National 
Bank of Greece. The improvements will increase the produc- 
tion of Naxos emery by 20,000 tons per year, the Greek govern- 
ment to be paid one pound, sterling, for eadi ton of ore mined 
to pay off the loan. The exploitation of Naxos emery now is 
confined to recognized companies only. As emery generally is 
brought to the United States in the form of ballast, the trans- 
portation costs are moderate. This is one reason why the 
foreign product can compete successfully with that of the United 
States. According to some authorities, however, Grecian emery 
is considered superior to the American product, but this is a 
question of conjecture. 

Turkish emery is obtained from the province of Aidin in 
Asia Minor, which embraces practically the entire basins of the 
Sarabat and Mender rivers. Extensive deposits have been 
worked on the Gumush-Dagh mountain and on the slopes of Ak 
Sivri, a mountain about 125 miles distant The former of these 
deposits is approximately 12 miles east of the ruins of Ephesus. 
The latter deposit is described by J. Lawrence Smith as the 
Kulah district. Emery also has been found in small quantities 
near Adula, a town about 16 miles east of Eulah, and also at 
Manser, about 24 miles north. Also it occurs at AUahinan- 
Bourgs, about 20 miles south of Smyrna. 
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The deposits of Turkish eoaery rest on mica slates, schists 
and gneisses. emery always occurs in limestone or marble; 
no traces of it having been found associated with other rocks. 
It occurs in irregular pockets which sometimes are 800 feet long 
and 200 feet wide. The foregoing varieties of Turkish emery 
vary in appearance. The 6umush-Dagh usually is in fine grains 
of a dark blue to purplish color. It is quite like some varieties 
of magnetite. The interior of masses of this emery usually are 
free of mica. The Eulah emery is coarser grained and much 
darker in color than the Gumush-Dagh. On its external surface 
the Eulah emery sometimes resembles the mineral, chromite. 
The Turkish emery deposits were first brought to general notice 
in 1847 by Dr. J. Lawrence Smith. 

The emery deposits of Massachusetts, located in Chester, 
were discovered in 1880 while excavating for a railroad bed. 
The deposit was taken for iron ore and a blast furnace was 
erected on the site. However, difficulty was encountered in 
smelting the ore and the project was abandoned. In 1864 
Dr. H. S. Lucas acquired the property and began to work it 
as an emery mine on a commercial basis. This emery is asso- 
ciated with amphibolite and serpentine and as the veins reach 
several hundred feet under ground, extensive tunneling is nec- 
essary. This mine has not been worked for some years. 

Emery deposits in the vicinity of Peekskill, N. Y., are being 
worked at the present time and the product is said to be adapted 
to a number of abrasive uses. It is not known for a certainly 
when these deposits were opened. However, the veins have 
been worked successively by several companies since 1888. At 
least three important emery mills today are crushing this ore. 
This emery is termed Peekskill ore and according to the New 
York State geologist it is a mixture of corundum, spinel and 
magnetite with more or less of the silica minerals that are found 
in the wall rocks. Spinel (hercynite) is associated with the 
magnetite and its occurrence may account for the high alumina 
percentage. An analysis of the Peekskill emery made by the 
Columbia University laboratories is as follows: 


Material 
Alumina .... 
Iron Oxide 
Magnesia 

Silica 

Lime 


Per Cent* — . , 
60.10 
28.17 
481 
1482 
0.84 
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T. J. Ellis of the firm of Smith & Ellis, miners of this ore, 
assumes that the foregoing analysis includes the spinel content 
with the percentage of iron itemized. According to Mr. Ellis, 
actual tests after the emery has been crushed and graded 
reveal a grit with breaking qualities that furnish grain shapes 
particularly culapted to sharp and rapid cutting. 

The general method followed in working the Smith & Ellis 
mine is that similar to quarrying atone. The deposits are full 
of seams and shakes so that they can be opened by explosives 
very readily. The larger pieces are broken by sledge blows to 
lifting sizes and trimmed of any silicate rock that clings to 
them. The older method followed in the Peekskill district was 
to follow an emery vein into the ground where it was drilled 
and blasted and a wheelbarrow full of ore taken out at a time. 
The quarrying method is more economical. The Smith & Ellis 
workings are trenched so that automobile trucks can be backed 
into the openings and loaded readily. 

In common with other natural products, emery ore varies 
in a number of characteristics. This is true of specimens from 
different mines and also of the products of the same mine. 
Emery ore must be selected and graded carefully to insure a 
reliable product. The shape of the grains after crushing have 
a great deal to do with the working efficiency of any emery. 

Emery has a specific gravity of 8.7 to 4.8, while its per- 
centage of aluminum oxide runs from 80 to 70. In general, 
the higher the alumina content, the better the emery. Emery 
is used for a diversity of purposes. In the form of grinding 
wheels it is used for snagging heavy steel and malleable castings 
or for backing up manufactured abrasive wheels sold for this pur- 
pose. Emery is particularly adapted to this work as its grains 
hold to the bond with a tenacity that is productive of long wheel 
life. In the form of coated paper and cloth large quantities of 
emery are used in various industries. In grain and powder 
form emery forms an excellent polishing, large quantities being 
used for setting up polishing wheels for finishing practically 
all metals. It also is used for glass grinding. At one time 
emery was the only alumina abrasive available and in spite of 
the serious inroads made by the artificial abrasives, there is today 
more emery consumed than ever before. This, of course, is due 
to the rapid advancement made in abrasive practices during the 
past decade. 
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Embby Cake 

A composition made of fine emery with a suitable binder 
and used for treating bufSng wheels for cutting down opera- 
tions. It is a sharp fast cutting composition for the work in 
question and is used on rough castings, aluminum, sheet metal, 
etc. It gmxerally is furnished in grits of 120, 140, 160, 160, 
170, 180, F, FF, and FFF. Emery cakes weigh about three 
pounds each. Fhie-grit emery cake is used for treating polish- 
ing wheels for oiling oiierations. 

Emeby Stbino 

This material is stout fiax cord impregnated with flour 
emery and a grease binder. It is used in sewing machine fac- 
tories for “stringing out” holes in thread guides and in musical 
instrument manufacture for removing burrs from holes in 
pegs and tail pieces. The material comes in several sizes, 
although they have not been standardized. The demand for 
this material is not great. 

Flint 

This material is a very hard mineral substance with a 
specific gravity of 2.6. Its chief component is silica. It has 
been used from remote times. Due to the fact that it breaks 
with a conchoidal fracture it lends itself admirably to fabrica- 
tion by crude methods. The so-called flint paper of commerce 
is coated with a variety of flint called fliot quartz. This mineral 
is mined extensively in Wisconsin, Maryland and Maine. 

Flint Shot 

Flint shot is a trade name applied by the United States 
Silica Go. to a product produced by disintegrating Saint Peters 
rock, a white sandstone, and washing, drying and screen- 
ing to size the hard fliut granules contained in that rock. 
The grains of this material are very hard without cleav- 
age lines so they do not split and splinter. Thus they can be 
used over and over again in such operations as sandblasting. 
This material is used extensively in foundry sandblast rooms for 
cleaning castings. 

Gabnitc 

The foUowing data on garnet were prepared by V. L. Eard- 
ley-Wilmot. Garnet is a name given to a certain group of minerals 
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poBBesaing Bimilar physical properties and crystals forms. The 
group consists of seven different species, all of which are sili- 
cates of either aluminum, calcium, magnesium, iron, manganese, 
or chromium, the different silicates being replaced, one with 
another. These varieties are as follows: 

Grossularite (8 CaO, A1,0«, 8 SiO,) ; pyrope (8 MgO, AltO„ 
8 SiOa) ; almandiie (8 FeO, Al^Og, 8 SiO,) ; spessartite (8 Mh4 
AljOg, 8 SiOg) ; andradite (3 GaO, FogOg, 8 SiOg) ; uvarovite 
(8 CaO, CrgOg, 8 SiOg), and rhodolite which is a mixture of 
two molecules of pyrope to one of almandite. 

Many of the species of garnets vary considerably as to 
color, hardness, toughness and method of fracture. For the best 
abrasive purposes the mineral must be the hardest possible, at 
least 7.6. Quartz is 7. When the garnet is crushed the grains 
should break into sharp angular fragments without curves, flat, 
or rounded edges. The mineral should be so tough as not to 
break too easily and so brittle that the individual grains eventu- 
ally will break and form new cutting edges rather than become 
rounded under the strain of use. 

When used as a coated abrasive long, “silvery” or thin 
grains do not arrange themselves correctly since they tend to 
lie too flat, thus presenting a smooth surface, or they protrude 
above the surrounding grains and tend to scratch. Further- 
more, the crushed garnet grains should have a high capillary 
attraction in order that the glue will completely cover and 
adhere to them when they are being coated on to the paper or 
cloth. The color does not seem to have any particular bearing 
on the abrasive qualities, but the deep red-colored mineral is 
always preferred. This may be due to prejudice, since the Span- 
ish garnet is of a pale pink color and is of inferior quaUly. 

The garnet should allow of being broken into comparatively 
large, dean and solid, pea size pieces, a miT'iinu ni amount of 
fines so that the full ranges of grades necessary for coated 
papers can be obtained, and, therefore, deposits that contain 
garnets of very small crystals are of little or no commercial 
value, no matter how great the garnet content of the rode may 
be. Granular garnet usually breaks into rounded grains; other 
deposits containing large crystals which are badly shattered 
would, with little pressure, crumble almost to dust. 

The grains in garnet sands are not only too small but are 
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also rounded by erosion and water action. Among the com- 
mon types of deposits, those containing clean unfractured indi- 
vidual red crystals, at least the size of a pea, but preferably 
larger, should be suitable for abrasive purposes and . the ore 
should contain at least 10 per cent garnet in order to be com- 
mercially valuable. The solid, hard and compact, massive garnet 
might be used commercially, but comparatively little experi- 
mental work has been done on this type. Up to the present 
the highest grade abrasive material has been obtained from the 
large laminated crystals or boulders of red garnet such as occur 
in New York state. 

Almandite is by far the commonest of the garnets and is 
the type most employed for abrasive purposes, although andradite 
and rhodolite are also being used. They are all iron garnets. 

Over 90 per cent of the garnet mined is used for the manu- 
facture of garnet-coated paper and cloth and the remainder as a 
lower-priced material in the form of loose grain for various 
purposes such as for surfacing and polishing marble, slate, 
soapstone and other soft stones; in some sandblast operations, 
and for the surfacing of plate glass. 

On the American continent garnet-coated papers and cloths 
are used, almost to the exclusion of all other forms of abrasives, 
in the woodworking industries, particularly for sanding hard 
woods. In abrading soft woods garnet and quartz papers appear 
to be nearly equally efficient since both are soon clogged with 
the wood particles; consequently there is no advantage in the 
higher price garnet. The recent introduction of open-coated 
papers, however, largely overcomes this trouble. In hard woods 
the superiority of garnet over quartz is most pronounced and 
the cutting of the former is said to be from two to six times 
that of the latter. 

These papers are also used for the fi n i shin g of hard rubber 
and celluloid, also on felt and silk hats, and as fine abrasive 
disks in dental work. They are employed quite extensively on 
leather, particularly in the boot and shoe industry for the scour- 
ing of heels and soles. In recent years fine grits of waterproof 
garnet papers have taken the place of pumice in the rubbing 
down of varnished and painted surfaces, especially for automo- 
bile bodies. Garnet doth is sometimes used for the softer 
metals such as brass and copper. The garnet-coated abrasive 
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is used in the fom of bdts, covers for drums, disks and as 
small sheets in hand Trork. The different grades of garnet used 
on these papers and dotfas range from No. 6, the coarsest which 
is about 16 mesh, to 7/0 which is about 220 mesh. There are 
about a dozen manufacturers of abrasive-coated paper in the 
United States, and two in Canada. 

The largest use for garnet in the form of loose grains is for 
the surfacing of plate glass, and in the United States several 
plate glass manufacturers are now using crude water-graded 
garnet in the '‘fining” process between the saiiding and final 
rough polishing operations. 

Even a small amount of garnet grain is bonded into wheels 
for use in glass and some metal grinding. The silicate or shellac 
processes of manufacture are used, since the low fusion point 
of garnet, 1800 degrees Cent, and its alteration by heat, renders 
it impossible to make garnet into wheds by the vitrified process. 

Garnet has been used with some success for the surfacing 
of the softer ornamental stones, also as a substitute for sand 
in sandblasting operations; and as the abrasive used with gang 
saws for cutting stone, but these uses are still in the experi- 
mental stage. 

In Europe garnet is not employed so extensively as on 
the American continent, although its use is itiftrAflaing This 
may be attributed to the high price of garnet and to the use 
of chalk flint, which is cheaper and occurs in great abundance 
in England and France. It is superior to the ArriAri<»fl Ti flint 
or quartz and almost equal to garnet in its abrasive qualities. 
The annual consumption of garnet in England probably does 
not exceed 2000 tons per year. 


Garnet was first employed as an abrasive in United States 
and became commercially important about 1880, when it was 
used as a coated abrasive by Herman Behr & Co and 
ite superiority over flint and the Californian red came- 
^ for sanding hardwood was quickly established. The 
first mmmg operations were conducted by H. H. Barton in the 
Adirondack section of New York state, followed Immediately 
aftemards by the development of a deposit by Herman Behr 
at Bwthwyn, Delaware county, Pennsylvania, and later, of 
deposits in Connecticut. The first large-scale wifflfap of {rarnet 
ores was done by P. C. Hooper of the North Eiver Gar- 
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net Co. in 1898. After the exhaustion of the Pennsylvania 
and Conneddcut deposits, production was confined to New York, 
New Hampshire, and North Carolina. The New York mines 
are now the world’s leading producers. 

For many years garnet has been produced from Spain, but 
is of inferior quality to the American and was never a serious 
competitor, except in the early days of the industry, and the 
present output of Spanish garnet is almost negligible. 

There is no efficient method of testing the abrasive quality 
of garnet or of any other loose grain abrasive. The real test 
is in its practical application. There are, however, several 
rough tests and examinations which serve to indicate their 
abrasive possibilities. 

The garnets in the original ore should be so large and pure 
that when crushed and screened they will yield a full range of 
grades from 20 to 200 mesh, particularly the former. Garnets 
smaller than pea size will make too many fines. 

A microscopic examination of the small broken particles 
of garnet, will show whether the fracture is clean, sharp, angu- 
lar, rounded, “slivery," etc. Grains exhibiting rounded or blunt 
edges are not likely to be of any abrasive use. In some gar- 
nets the individual grains tend to show fractures and have a 
"sugary” appearance under the microscope. These will break 
too easily when applied to the work. The term "granular” 
fracture has been applied to this phase. 

This kind of fracturing is in most cases due to weathering 
and the mineral should not be condemned until a fresh sample 
has been examined. Long “slivery,” or fiat-sided grains are a 
disadvantage, as they tend to present a flat surface when applied 
to the doth or paper, or they may stick up above the other 
grains and be more easily tom away. 

The microscope may reveal minute embedded impurities 
which are liable to affect the toughness and abrasive quality. 

A varieiy of garnets can be roughly compared for tough- 
ness by reducing them to the small grade, No. 1, and drawing 
a knife blade over a small quantity placed on a piece of steel 
or glass. Soft garnets will drag and soon break up into powder, 
while the knife will ride over the particles of a tough garnet 
without appreciably reducing their sizes. With a little practice 
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a dose approxiination can be reached by comparing with a 
known standard tough garnet. 

The capillary test depends on the capillarily of croched 
garnet and serves to indicate its tenacily when applied to the 
glued surfaces of the paper or doth. The higher the capillarity 
the tighter will eadi partide adhere when coated with glue. 
In making comparison care should be taken that the grains are 
of the same mesh and are absolutely dry, dean and free from 
dust. The apparatus simply consists of a glass tube about 10 
indies long, 4 or 6 millimeters inside diameter, and blocked 
at one end by a piece of fine screen. The tube, whidi should 
be dry and dean, is partly filled with ihe sample to be tested, 
gentiy shaken down and the dosed end dipped into a known 
height of water, about ^ inch. The water will rise up through 
the screen and into the garnet, and after 8 or 4 minutes ihe 
tube m^ be removed from the water and the dry garnet poured 
out. The remainder, which adheres to the inside of the tube, is 
measured. The height of water into which it was placed should 
be deducted. 

Although color has nothing to do with the abrasive qualily 
garnets of a deep red color are preferred, and it is a noticeable 
fact that the fracture and toughness of the brown and yellow 
shades are not so good as those of the red and pink varieties. 

In recent years the utilization of very fine grades of garnet 
has found favor for the surfacing of plate glass. This material 
is now used by a few glass firms in the United States and may 
eventually be used by the European manufacturers. 

The preparation of the material used by one firm is as 
follows: 

The crude ore which averages 85 to 40 per cent garnet in 
pea-size crystals is crushed at the glass plant in a jaw crusher. 
The product is then hand fed into a small Hardinge ball mill 
using ^ to 1-incb chrome sted balls and is pulverized to a very 
fine pulp which is then pumped up to a series of 10 settling- 
tanks. These tanks are 14 inches deep but widen out hori- 
zontally in the shape of a fan so that each tank is larger than 
the preceding one, thus retarding the rate of flow of the solution. 
The pulp from the ball mill is fed through a ^-inch pipe along- 
side of which water at about 24 gallons per minute is added. 
The settlings from the first six tanks are sent back to the 
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ball mill for regrindlns: and are thus in closed circuit. The 
settlings from the next four — ^Nos. 7 to 10 fall into 4 agitation 
tanks from which they are pumped to the glass surfacing 
machines, each grade being fed to its own set of polishers. The 
grain sizes of the four grades used are all 800-mesh and are 
theoretically as follows: No. 7 — 0.001; No. 8 — 0.0009; No. 9 — 
0.0008; No. 10-^.0007 inch. 

It will be seen from the above that the crude ore is used 
without any concentration though the overflow from the last 
tank will eliminate an appreciable amount of the lighter min- 
erals sudi as quartz, mica, feldspar, etc. The garnet is used 
in the intermediate stage of the surfacing of the glass between 
the coarser sand and the final rouge. 

Prepared garnet ready for the glass trade is not on the 
market and it is doubtful in what state the garnet should be. 
Possibly a fairly high-grade concentrate of about 160 mesh 
which would then be ground and graded at the glass plant might 
be preferable. A pure garnet may be fotmd to be too harsh, 
so lhat the softer impurities, such as are present in the ore, 
would tend to tone down the scratches and would be comparable 
to the use of fine emery rather than flour carborundum in cer-. 
tain metal polishing operations. The finer concentrates or mid- 
dlings from the garnet milla which are not marketable for the 
coated trade, might be worked up and utilized for glass sur- 
facing. 

Lime 

Lime as used for bufiSng is freshly calcined limestone, high 
in magnesia content. It consists of oxides of calcium and mag- 
nesium. The grains of the material are softer than amorophous 
silica (diamotaceous earth) but somewhat similar in structure 
being free from sharp edges. Lime will slack on exposure to 
air so that Ume compositions are mixed with a binder and poured 
into tin containers which are sealed to be opened only when 
ready for use. Lime compositions are used extensively for 
buffing nickel plate and other high finishing operations. 

Metallic Abrasives 

Metallic abrasives are both steel and iron, made in various 
forms for different abrasive purposes. The products of the 
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Globe Steel Abrasive Co. are called high carbon chilled shot 
and cornered ated grit. 

The large sizes of the chilled shot, sudi as Nos. 00, 
1C and 1 are used for burnishing and polishing pur- 
poses. Nos. 2, 2^ and SC are used in core drilling 
operations in testing lands for minerals. They also are 
used for drilling cores from concrete highways for testing pur- 
poses, to ascertain if roads have been laid according to specifi- 
cations. Nos. 2, 2^^ and 8C chilled shot also are used in the 
granite industry for sawing stone. Nos. 3, and 12 are used 
also for grinding and polishing granite, sawing limestone, 
brownstone and similar materials. Finer sizes of the chilled 
shot are used for sandblasting in deanmg castings, forgings, 
etc. All sizes of the cornered steel grit are used for sandblast- 
ing castings, etc., and some of the larger sizes of this material 
also are used for sawing stone. 

The products of the Pittsburgh Crushed Steel Co. are called 
diamond cruehed steel and angular grit. 

The former naaterial is crucible steel specially treated and 
crushed and graded into sizes of 4, 6, 8, 10, 12, 14, 16, 18, 20, 80, 
86, 40, 50, 60, 70, 90, 120, 150, 170, 190 and 200. Material from 
six sizes, 60 to 200 is called steel emery. This product is used 
for grinding various kinds of stone. Ajugular grit is a crushed 
iron product used principally for sandblasting. It is crushed 
chilled iron prepared in sizes of 10, 12, 20, 30, 40, 60, and 90. 

The product of the Steel Shot & Grit Co. is called 
Samson steel shot. It is used for various purposes for 
such as sawing, polishing, rubbing, etc., on stone work. 
Finer sizes are used for sandblasting. This company also mar- 
kets a material called diamond steel grit which is made in about 
10 sizes. It is used in the granite and stone industry for the 
same purposes as the shot is used. The greater part of the 
output, however, is used for sandblasting. 

The American Steel Abrasives Co. grades its steel shot 
according to a standard wire gage and its steel grit by standard 
meshes as follows: 
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Shot Sizes Orit Sizes 


American 

Diameter Standard- Size of Size of American 


Steel Wire 

of Wire 

Ized Steel 

Standard 

Mec^ 

Meeh 

Eversharp 

Gaffe No. 

axidShot 

Shot No. 

IJfeahNo. 

Wire 

Opening 

Grit No. 

10 

.186 

10 

8 

.082 

.098 

8 

11 

.120 

11 





12 

.106 

12 

10 

.026 

.076 

10 

18 

.092 

18 


.025 

.068 

12 

14 

.080 

14 

12 

16 

16 

.072 

.0626 

16 

16 

14 

,017 

.064 

14 

17 

10 

.064 

.041 

17 

19 

18 

.015 

.0406 

18 

20 

.086 

20 

38 

.0085 

.0178 

88 

22 

.0286 

22 


26 

.020 

26 

46 

.0096 

.0127 

46 

28 

.016 

28 





80 

.014 

80 

70 

.0065 

.0078 

70 


Pulp Stones 

The large stones used for grinding wood pulp in the paper 
making industry are a selected variety of sandstone or artificial 
abrasive wheels. Large quantities of these stones are used in 
this country and abroad. The natural variety is found prin- 
cipally in Ohio. Considerable success years ago was had in the 
adaptation of artificial abrasive wheels to this work in Norway 
and Sweden. For many years, however, these wheels met with 
little or no success in this country, due probably to the low cost 
and success of the natural material. Recently, however, successful 
pulp wheels of artificial abrasives have been perfected in this 
country. They are made in sections and held securely over an 
iron center. The crevices between the sections are filled with 
soft metal of the nature of babbitt. The sectional wheds are 
64 inches in diameter, 27-inch face, 80 grit. They can be 
operated at 450 revolutions per minute. 

Pumice 

In this country pumice is found in California, Kansas, 
Nebraska, Idaho, South Dakota and Utah while the principal 
source of the foreign material is the isles of the Mediterranean 
Sea. Pumice is of volcanic origin, being an igneous rock of 
an amorphorus nature. It often contains impurities sudi as 
feldspar and hornblende. 

Primitive methods are followed in mining foreign pumice. 
The workings are on mountain sides, often in deep caves. The 
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material is gotten out in lump form and transported down the 
mountain aide on donkeys. Here it is sorted and graded care- 
fully by women who become expert through experience. Three 
kinds of pumice are known to the trade as American, Italian 
and Italian American groond. It is said that the material is 
ground more carefully in this country than abroad. 

Pumice is used as an abrasive for a diversity of pur- 
poses. It is used in the automobile body finishing industry 
in the form of hone gangs for rubbing down routgh ituff on 
automobile bodies. In powder form it also is used with water 
for rubbing paint and varnish. 

Pumice Composition 

A composition made of powdered pumice mixed with a 
suitable binder and furnished in cake form. It is used on brush 
wheels for producing a brush brass effect. Also it is used for 
cutting down hard rubber and similar substances. 

Putty Powdeb 

Putiy powder is oxidized tin, burnt with a certain amount 
of lead litharge. The value of this material is that it imparts 
a permanent poliidi on cut glass, marble, granite, etc. 

Quabtz 

A well known and common material composed of 
dioxide or silica, SiO’, and found the world over. It has a 
specific gravity of 2.66 and a hardness of 7 on Moh’s scale. 
This material crystallizes in the trapezohedral-hemihedral class 
of the rhombohedral division of the hexagon system. Pore 
quartz forms many semi-precious stones such as the blood- 
stone, amethyst, sardonyx, etc. Quartz is a valuable abrasive 
for many purposes. In grain form it is used for grinding plate 
glass and glued on belts it makes an excellent medium for 
sanding handles. It also is employed for sandblasting, stone 
sawing, etc. It is not an efficient abrasive for grinding wheel 
manufacture, but it sometimes is employed in wheel mixtures 
in STnall quantities for specific reasons, such as making an 
open cutting wheel for knife grinding. 
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Rouge Composition 

A material composed of rouge mixed frith a suitable binder 
and molded in cake form. It is used for buffing gold, silver, 
platinum and also for fine finishing on glass, brass, nickel steel, 
etc. This material was one of the first bufiSng compounds to 
be used. 

Rouge and Crocus 

These are manufactured abrasives, although this fact is 
not generally known. Both are made by a similar process, 
that is the calcining of sulphate of iron in crystal form . The 
material is placed in crucibles and subjected to a high tempera- 
ture. The resultant powder that forms at the bottom of the 
mass is crocus; that at the top rouge. True rouge is red, 
while crocus is purple. Cloth coated with rouge, however, 
often is called crocus doth. Both rouge and crocus are used in 
buffing and polishing operations, for instance, in the color buf- 
fing of brass. Large quantities of rouge are used in polishing 
plate glass, lenses, etc. 

Sandstone 

A natural abrasive found abundantly in many parts of 
the world chiefiy in the United States. Sandstone is the oldest 
natural abrasive known. It is a sedimentary rock formed 
of small grains of silica or quartz firmly cemented together 
with silica. The material is quarried out by open-cut methods, 
graded and sdected and formed into grindstones for various 
purposes. Pulpstones as used for grinding wood pulp for 
paper making also are a variety of sandstone and this branch 
of the grindstone business is probably Ihe most important today, 
due to the fact that natural sandstones are being replaced 
gradually by abrasive wheels. 

Sharpening Stones 

A general name given to any stone natural or artificial 
to be used by hand. Natural stones are made of various sub- 
stances such as sandstone, silica, etc. They include axe stones, 
s(^the stones, carpenters stones, etc., and no end of stones for 
various purposes. Scirthe stones are sandstone while Arkansas 
and Washitsa stones as used by carpenters and cabinetmakers, 
engravers, etc., are over 90 per cent silica. 
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Manufactured abrasive stones are made by the same methods 
employed in grinding wheel production. The finished stones as 
they come from the vitrifying kilns are rubbed on circular cast 
iron revolving beds to smo^ their surfaces. Such goods are very 
attractive and command a ready sale, especially razor hones. 
Both carbide of silicon and aluminum oxide are used in the 
manufacture of artificial stones. 

Spanish Minebal 

Spanish mineral is a trade name given to a certain variety 
of garnet grain mined in Spain. At one time this abrasive 
enjoyed an extensive sale in this country. No analyses are on 
record to establish the composition of this material, but the 
United States Geological survey states that it probably is a 
form of iron-alumina garnet. 

STHEiL Wool 

Steel wool, according to Herbert B. Simonds, originally 
was a by-product in the manufacture of loom heddles but it now 
is produced on a commercial basis by several types of TuaftTiiwca 
The product, which merely consists of long steel shavings or 
fibers, finds wide application as an abrasive or polishing 
as a substitute for emery cloth, sand paper or pumice stone for 
cleaning hollow ware, rheostats, patt^s, tools, windows, brass 
sign plates, railings, machine parts, enameled ware, cooking 
utensils, bathroom fixtures, mirrors, cut glass and for removing 
paint from marble, tile, glass and porcelain. Large quantities 
also are consumed by shipbuilding companies, furniture and 
woodworking factories and in the household. In japanning 
work any drips, runs or other defects are smoothed out by 
steel wool with the result that after the second dip no scratches 
are visible. 

Prior to the war large quantities of steel wool were imported 
in various sizes and degrees of fineness from Switzerland and 
Germany but since then production in this country has increased 
to the point where the yearly output approximates 1,400,000 
pounds. The product, which is iriangular in cross section, is 
nmde in several grades from coarse fibers to wool so that any 
kind of cleaning and polishing can be accomplished and is 
packed in small, medium and large cartons which retail at 
40 cents per pound. 
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Certain American manufacturers produce steel wool from 
high-manganese bessemer wire by attaching one end to a 
power-driven drum. The wire is pulled under several knife 
blades of the saw tooth type arranged in tandem in an inclined 
position similar to a bit in a hand plane. Triangular shaped 
slivers of steel are shaved from the wire and when about 
seven-eighths of the wire is converted into steel wool the residue 
becomes too thin to withstand the polling strain and is dis- 
carded. In later type machines the wool is produced by draw- 
ing the wire through circular cutting dies. Foreign made steel 
wool is produced by first shaving a thin fiber from soft steel 
wire in order to present a flat surface to the cutting tool. The 
wire then is stretched over a frame but beneath the cutting 
tool in such a way that the wire is shredded into filaments of 
triangular shape cross section. This shape renders the wool 
sharp for abrasive purposes. 

Tripoli 

Some confusion exists in technical literature, particularly 
in the abrasive consuming trades as to tiie correct use of the 
terms tripoU, tripolite diatomaceous earth (infusorial earth) 
and kieselgtihr, according to Raymond B. Ladoo. These terms 
often are used synonymously by users of grinding materials 
and even in mineralo^es and other reference books. Actually, 
tripoli is a material of definite and distinct physical and chem- 
ical properties, and the other terms belong to a different mate- 
rial which possesses definite and distinct characteristics. Tripoli 
is used extensively as a mild abrasive material for polishing, 
bufSng and burnishing. 

Originally the term tripolite (loosely called tripoli) was 
given to a diatomaceous earth from Tripoli in northern Africa. 
J. S. Dana in A System of Mineralogy, calls this mater- 
ial tripolite and gives no authority for the use of the 
term tripoli. Between 1880 and 1890 ihe deposits near Seneca, 
Mo., were opened and the material placed on the market as 
tripoli, no doubt due to its resemblance in some respects to the 
original tripolite or diatomaceous earth from Tripoli. Since 
that ^e term tripoli, with increasing definiteness, has 
been reserved for the Seneca material and other siliceous 
material of similar origin andL^^jical properties, while all 
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been called diatomaceous earth or by its synonyms, infusorial 
earth, kieaelgvhr, etc. Rottenstone is sometimes classed with 
tripoli. 

Tripoli, when pure, is a white, finely granular, very porous, 
siliceous rock usually derived from the decomposition or altera- 
tion of chert, but sometimes derived, as a residual product, 
from the decomposition of siliceous limestone. It is loosely 
coherent and may thus be crumbled easily in the hand, but its 
Individual grains are so hard that they will scratch steel. 
Individual grains have been measured by Hovey, who found 
that the majority of the particles were less than 0.0004-inch in 
diameter, although occasional grains were as large as 0.0012-inch. 
The grains are double-refracting. 

In contrast with tripoli, diatomaceous earth is a soft, 
white, porous rock composed of the siliceous skeletons of small 
aquatic plants called diatoms. There are a very large number 
of types and varieties of diatoms, over 4000 distinct forms 
having been noted and described. These may vary in size 
from as large as the head of a pin to such minute proportions 
as to be distinguished only with the aid of the highest powered 
microscope. They are always present and form a means of 
absolute identification of diatomaceous earth. The silica is in 
tile amorphous or opaline state and carries 5 to 10 per cent of 
chemically combined water. 

The true specific gravity of diatomaceous earth is 2.1 to 
2.2 but the apparent specific gravity is as low as 0.46 for dried 
blocks, due to the high porosily. Diatomaceous shale, a harder 
and more compact form, has a higher apparent specific gravity. 
Tsrpical analyses of tripoli and of diatomaceous earth illustrate 
the differences in chemical nature of the silica present in each 
and are given in the accompanying table. 

It should be noted that a theoretically pure tripoli should 
contain 100 per cent silica while a theoretically pure diato- 
maceous earth should contain less than 95 per cent silica and 
five per cent or more of chemically combined water. Tripoli 
may be distinguished from diatomaceous earth by the follow- 
ing tests: 

1 — ^Pure, dry diatomaceous earth usually has an apparent 
specific gravity of less than 1, that is, it float on water. 
Tripoli usually is heavier than water and thus will not float. 
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2 — ^Under a high power microscope tripoli appears as more 
or less rounded grains, while diatomaceous earth shows diatoms 
of a peculiar shell-like structure. Tests should be made on 
ftndy pulverized material moistened with water, on a glass slide. 

8 — ^The analysis of a pure white tripoli wlU usually show 
over 96 per cent silica while a pure white, light weight, diato- 
maceous earth will usually show less than 90 per cent silica. 
Another difference which may have an important bearing upon 
utilization is that the individual grains of tripoli are solid, 
while the grains of diatomaceous earth are hollow or contain 
hollow pore spaces. 

The following are typical analyses of tripoli from Seneca, 
Mo., and diatomaceous earth from Lompoc, Calif.: 


Silica, SIO, 

Alumina, 

Iron oxide, FeiO. 

lime, CaO 

Potash, E.0 

Soda, NagO 

Magnesia, MgO 

Titanium oxide, TiOg 
Water, HgO 

Total 


Tripoli, 
Seneca, Mo. 

percent 
.... 98.28 
.... 0.17 

... 0.68 
.... trace 
.... 0.17 

.... 0.27 


0.60 

99.92 


Diatomaceous 

earth, 

Lompoc, Gal. 
per cent 
88.78 
2.68 
trace 
1.61 


1.80 

0.10 

6.54 

100.01 


Pure tripoli is a white rock varying from rather crumbly 
to fairly compact in structure. In some deposits iron-bearing 
surface waters have entered the tripoli through cracks and 
stained part of the material a yellow, pink or reddish color. 
Fortunately there is a demand for this colored material and 
none of it need be wasted. Tripoli when dry is highly absorb- 
ent. It is claimed that a block four inches square will absorb 
one-third of its weight of water (complete saturation) in 
five minutes. This moisture will dry at ordinary room tem- 
perature and humidity in about three days. In small 
pieces the fracture is uneven, but in large blocks in the quarry 
a tendency toward concentric or conchoidal fracture is often 
found. Some beds, in the Missouri-Oldahoma district, are of 
suificiently compact material so that large, fairly strong blocks 
may be removed. 
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The productive trlpoll deposits, centered about Seneca, Mo., 
on the Missouri-Oklahoma boundary line, are scattered over an 
area of less than 100 square miles. The quarries of the Ameri- 
can Tripoli Co. are being worked actively. They are about 
1^ miles north of Seneca, partly in Missouri and partiy in 
Oklahoma. The beds of tripoli always lie horizontal and never 
have more than 12 feet of overburden. This overburden, con- 
sisting of loose dirt, gravel and decomposed tripoli, averages 
about five feet thick. The beds range from 2 to 20 feet in thick- 
ness with a possible average of 12 to 14 feet. While the beds 
are apparent^ extensive, often chert seams and boulders occur 
in such abundance that grinding would be uneconomical. A 
weight of one short ton per cubic yard in place is used in esti- 
mating ore reserves. 

WHrrai Rough 

This expression really is a misnomer. It is applied to soft 
silica compounds used for color buffing. Its use is preceded 
by a tripoli composition or fine emery cake. Sometimes the sur- 
face to be colored does not require the preliminary treatment. 
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The term abrasive paper and cloth is a general one used to 
designate any abrasive material coated on a fleidble or semiflexible 
backmg. Such materials also are called coated abrasives. Enor- 
mous quantities of these products are used in the woodworking, 
metal finishing and other industries. The subjects treated in this 
section are arranged as foUows: 


Abraaire Balts 84 

Abraslva Pspsr and Oloih Munfseton.... 85 
Costed AlmsiYes 85 

Rlmenr Cloth FlHetlnff 88 

Bat Flnbliiiiff 88 

Metsl Sanding 88 
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Waterproof Abrasive Paper 48 
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ABRASIVE PAPER AND CiLOTH 
Abbastve Belts 

Abrasive bdta are used for fiuishiug metal, wood and other 
nonmetallic surfaces. As a rule belts for finishing metal are 
coated on a doth baddng, either jeans or drills, while paper 
backed bdts can be used for finishing wood or other nonmetallic 
surfaces. However, a doth backing is to be preferred in any 
case where the strain on the material is excessive. Another 
form of backing, called a combination backing, composed of paper 
and a light web of doth, often is used; especially for making 
gamet-doth bdts. 


Abrasive bdts can be coated with any of the common abra- 
sive materials such as emery, corundum, flint, garnet, aluminum 
oxide or carbide of silicon. As a rule carbide of silicon is used 
for finishing cast iron, brass and other materials of low tensile 
strength. Alumina, either natural or manufactured, is used for fin- 
ishing sted. Flint and garnet are used for wood working. In 
determining the best abrasive to employ for bdt grinding other 
nonmetallic materials, experimentation often is necessary. 

As but few variables are present it is a simple matter to test 
bdts made of various materials. As a rule carbide of silicon 
can be rdied on to finish such substances as glass, porcelain 
and other ceramic products, hard rubber, fiber, etc. Garnet and 
flint will show the best results for wood working. 

Tbe speed of an abrasive belt is determined by the ability 
of the bonding material to stand up under the heat generated. If 
the bdt is operated at an excessive speed the bond will soften. 
In the case of woodworking, an excessive speed will bum the 
work. A safe speed for both metal and other substances is 
1600 feet per minute. This speed can be increased under certain 
conditions but the tests should be made judiciously. 

Great care should be exercised in making the belt joint. It 
can be made at an angle across the bdt face. Some operators 
prefer to skive down each edge so as to make a joint of uniform 
thickness. This practice is to be recommended. Then the ends 
are glued or cemented together and a thin strip of paper or 
cheese doth pasted over each side of the joint. The joint should 
be dried under pressure. Another method consists of iialiig a 
special die which cots a series of scallops on each end of the belt. 
These fit together forming a compact joint. 


84 



ABRASIVE PAPER AND CLOTH 


Abrasive>belt machines are of various kinds. Those used 
in woodworkinsr establishments are termed belt senders, while 
the term belt grinder generally is applied to idle machines used for 
fifiialiiTig metal surfaces. These machines are made by several 
manufacturers, but they all employ the principle of driving the 
belt over two pulleys. Idler pulleys sometimes are employed. In 
some belt-sanding machines, the belt runs abrasive side down- 
ward where it is pressed against the work by a manually or 
mechanically operated i>ad. In other instances, especially in 
metal working, the belt runs abrasive side upward. The vertical 
type machine also is employed for various purposes. 

Abeuusivb Paper and Cloth Manufacture 

Abrasive paper and cloth is made on a special machine techni- 
cally termed a “making machine.” The process briefly described 
is as follows: 

The web of paper or cloth traveling at a uniform speed first 
passes through a rotary printing press that imprints the grit 
number, trade mark, etc., at regular intervals. Then the web 
of i>aper is spread thoroughly with a high grade of glue. The 
paper with the glue coating next passes under a hopper from 
which a regulated flow of abrasive falls. Next in its journey 
the material is given a sizing coat of glue. Then by mechan i cal 
means it is hung up in festoons to dry in the same manner that 
wall paper is dried. Then it is wound in large rolls and set away 
to age as the so-called “green” paper is not an efScient product. 
After curing thoroughly, which should consume several weeks, 
the i>aper is cut into the desired widths and wound in rolls or cut 
into sheets for ream goods. Various weights of backing are em- 
ployed for specific purposes. The machinery used by abrasive 
paper and cloth manufacturers all is of a special nature, each 
company dft Mgning and building its own equipment. However, 
the drying apparatus can be supplied by manufacturers who naake 
equipment for wall paper making. 

Coated Abrasives 

A term applied to any abrasive material coated on a cloth 
or other backing and furnished in sheets, rolls or disks. Com- 
monly used coated abrasives are flint paper and cloth, garnet 
paper and cloth, emery paper and cloth, aluminum oxide paper 
and doth, carbide of silicon paper and cloth and crocus paper 
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and cloth. The foregoing materials, with the exception of crocus, 
are made also in disks. Aside from the paper and cloth backings, 
a combination backing made of paper and a thin web of dotii 
also is used in making materials for belt sanding. 

The paper backing of coated abrasives is substantial rope 
paper stock. It is made in various weights for specific purposes. 
Goth backing is light or heavy duck, called jeans and drills. The 
so-called waterproof paper is used for rubbing paint. It is xnade 
waterproof so that it can be used with water or oil. G>ated 
abrasives are made both close and open coated. The open form 
of coating is comparatively a new departure. Such papers are 
used for sanding paint or varnish or for any purpose where ordi- 
nary close-coated paper shows a tendency to fill up readily. 

Flint paper is furnished in the following grits: 4/0, 8/0, 2/0, 
0, 1/2, 1, 1 1/2, 2, 2 1/2, 8, 3 1/2, 4. Sheets are 9 x 11 or 8 8/4 
X 101/2 inches. The so-called finishing paper, both single and 
double face, is furnished in ^tts from 6/0 to 1 in 9 x 11 sheets. 
This material also is furnished in rolls 11 inches wide and €0 
yards long. Regular fiint roll paper is famished in grits from 
S/0 to 8 1/2 in rolls from 2 1/2 to 48 inches wide and 60 yards 
long. Flint roll cloth is not made over 28 inches wide. Flint 
paper disks are made in all grits from 8/0 to 8 1/2 in diameters 
ranging from 6 to 48 inches. Flint cloth disks, however, seldom 
are furnished in diameters above 28 inches. 

Garnet paper is furnished in all grits from 4/0 to 8 1/^ in 
9 X 11-inch sheets. Single-face garnet finiHhing paper is furnished 
in grits from 7/0 to 0 in 9 x 11-inch sheets, while the double 
face material also can be had in 11-inch rolls 60 yards long. 
Garnet roll paper comes ia widths from 21/2 to 48 inches in 
grits from 8/0 to 8 1/2, in 60 yard rolls. 

Garnet paper disks are made in sizes from 6 to 48 inches 
in diameter in grits from 8/0 to 8 1/2. Garnet cloth comes in 60- 
yard rolls from 2 1/2 to 28 inches wide in grits from 8/0 to 8 1/2. 
Garnet cloth disks are made in diameters from 6 to 28 inches 
in grits from 3/0 to 81/2. Garnet combination (paper and 
doth backing) comes in rolls from 21/2 to 28 inches wide, 60 
yards long. Garnet combination disks are made in diameters 
from 6 to 24 inches in grits from 8/0 to 8 1/2. 

Emery doth is made in 9 x 11-inch sheets in all grits from 
8/0 to 8 1/2. Grocus doth also is furnished in 9 x 11-inch sheets. 
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Smery cloth is also made in SO-yard rolls in grits from 8/0 to 
8 1/2 in widths from 8 to 27 inches. Special narrow rolls for 
generd workshop use come in sizes from 1/4 to 21/2 inches. 
Emery-cloth disks are made in grits from 8/0 to 8 1/2 in diam- 
eters from 6 to 27 inches. Emery paper comes in 9 z 11-inch 
sheets in all grits from 8/0 to Sl/2. Emery-paper rolls are 60 
yards long in grits from 3/0 to 31/2 in widths from 4 to 24 
inches. Emery-paper disks come in grits from 6 to 24 inches 3/0 
to 8 1/2 in diameters from 6 to 24 inches. When manufactured 
abrasives are used in place of emery cloth, the package sizes and 
grit numbers generally are the same. 

Flint paper and cloth are used for a diversity of HaTiHing 
operations on comparatively soft wood. Flint paper, however, 
also is distinctly a household article. Enormous quantities of 
it are sold by the sheet over hardware-store counters every day. 
It also is used extensively for rubbing down paint. 

Garnet paper and cloth are used for sanding hard woods in 
the furniture manufacturing and allied industries. Garnet finish- 
ing paper is used for rubbing varnish. The price of garnet sheet 
paper makes it prohibitive as a household article, although its 
cutting qualities are far ahead of those of fiint paper. 

Emery cFoth is used the world over in machine shops for 
polishing cast iron, steel brass, etc. Large quantities of emery 
cloth also are used by every navy for keeping guns and other 
steel work bright. Emery paper is used in preference to emery 
doth where a very light backing is required or where a backing 
less substantial than cloth will stand up to the work. 

Aluminum oxide paper and cloth, which is sold under no 
end of trade names, is used to take the place of emery. It is a 
very fast cutting material and much in demand. 

Carbide of silicon paper and cloth is used chiefly in the boot 
and shoe and other leatW working industries, taking the place 
of the garnet paper and cloth heretofore used. Carbide of silicon 
paper also is an excellent medium for rubbing paint and varnish 
and large quantities of it are used for this purpose. 

Increase in the use of abrasive belt machines for metal finish- 
ing has furthered the use of coated abrasives to a great extent. 
The materials are used in the form of doth belts. Carbide of 
silicon is used for finishing cast iron, brass, etc., while aluminum 
oxide is employed for steel finishing. 
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Emery Cloth FniiircNO 

A trade name for a special abrasive used in card clothing 
grinding which consists of a narrow band of strong linen backing, 
from 1 to 11/2 inches wide, coated with emery grain. This 
material is made in England ezclusivdy. The grits used 
range from No. 4 to 40. After the grain is applied to the fillet 
the surface is grooved, the grooves being as near as possible Ihe 
same width as the emeiy grains. Thus a saw-tooth surface is 
imparted which permits a clearance space. This material is 
wound spirally on a dead^oll grinder, an appliance 'for grinding 
card clothing. 

Hat Fimishiko 

A variety of abrasive paper called pouncing paper has been 
in use for over 76 years for the finishing of felt hats. Felt 
used in hat manufacture is called fur felt. It is made from the 
hair of rabbits, musk-rats, beavers and like animals. Felt is not 
woven, but composed of loose fur which naturaUy interweaves 
as the forming or shrinking process is carried out. When the 
pouncing paper first is applied the hat is a crude shaped, hairy 
cone with stock enough at the large end to form the brim. The 
hat is drawn tightly over a wood form and the crown is poimeed 
or smoothed with pouncing paper as it rotates rapidly. The abra- 
sive cuts sway projecting hairs. The next operation on soft hats 
(fedoras) consists of pouncing the brim by passing it between 
rollers one of which is covered with pouncing paper in a coarse 
grit. Sometimes oscillating paper pads are employed instead. 
They are mounted on a brim jigger machine. For finishiTig stiff 
. hats (derbies) the operations differ somewhat, but the principle 
is the same. A number of operations on the hat are p^ormed 
between pouncing and finishing which is the next abrasive step. 
In the finishing room the hat receives its final form as it is blocked 
into shape. The stmface is further pounced with fine grit paper. 

Metal Sanding 

A term applied somewhat loosely to the use of coated abra- 
sive materials for smoothing metallic surfaces. Large quan- 
tities of abrasive materials are used for rubbing down metal 
automobile bodies before the initial application of paint. This 
work form^ly was performed by hand, but present-day practice 
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leans toward the use of special hand appliances for rotating disks 
of abrasive material. The term metal sanding also is applied to 
the finishing of metallic surfaces on bdt grinding machines. 

Oil Sanding 

A term applied to a process followed in rubbing down auto- 
mobile bodies. It consists of soaking the abrasive paper in oil 
before it is used. This process is being superseded to some extent 
by the use of waterproof abrasive paper. 

Open-Coat Abrasive Paper 

A name applied to a special kind of abrasive paper for use 
in rubbing down paint on automobile bodies. As its name implies, 
the coating is open, that is space is allowed between the abrasive 
grains so that the material will not fill or clog readily. 

PouNaNG Paper 

Pouncing paper is a coated abrasive product used in the 
manufacture of felt hats. The abrasive medium is finely powdered 
pumice. The name is a contraction of the French term, pwpier 
de ponce, which literally means pumice paper. Hats were origi- 
nally finished with pumice. In the felt-hat industry the paper 
is applied to the hat as it revolves on a spindle to remove project- 
ing fibers, leaving a smooth nap. Pouncing paper is produced by 
two manufacturers only, both located in the United States. 
Pouncing paper grits from coarse to fine are as follows: D, C, B, A, 
0/A, 00/A, 000/A, 0000/A, 00000/A, 000000/A, 0000000/A, 
00000000/A, 000000000/A. The coarsest grade, D, equals No. 1/2 
sandpaper in grit, C equals 0 grit and 0000/A equals 7/0 garnet 
finishing paper. The abrasive is flint quartz. 

Sanding Practice 

Enormous quantities of abrasive-coated paper are consumed 
annually in both the wood and metal working trades. Sand paper 
is an old term that today is applied generally to paper or cloth 
coated with abrasive. The terms coated abrasives or surface 
abrasives are better ones. Nine x eleven-inch sheets of cabinet 
paper are used for hand sanding. Finishing paper is used for 
rubbing paint and varnish. Boll pax>er is used on machines. Sand- 
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machines are of several kinds. First there is the ordinary 
Hiylc Sander. Such a machine carries a disk of garnet or other 
abrasive paper against which the work is fed back and forth. 
Precision machines of this kind have been devised for use in 
pattern shops. Beit sanders are used for finishing a diversity 
of work. Such machines employ a belt of abrasive cloth from 
one to 12 inches wide running over two pulleys. The belt can be 
horizontal or vertical. When it is desired to get into formed 
places, the belt can be depressed into a form by the work. A 
stroke sander is a belt sander with a block t^t passes back 
and forth over the back of the bdt to keep it in contact with the 
work. In some instances a pad is fed back and forth by hand 
for this purpose. A single drum sander consists of a drum about 
ihree feet in diameter covered with carpet or felt over which 
the abrasive is stretched. Such appliances can be used for a 
number of purposes. A spindle sander consists of an upright 
spindle from 1/2 to 6 inches in diameter covered with abrasive 
paper. It oscillates up and down as it rotates and is used for 
getting into small places. A S-drum sander has three drums 
covered with abrasive paper, coarse, medium and fine. Such 
machines are of two kinds, roll and endless bed feed. In a roll 
feed sander, rolls feed the stock imder the drums. The endless 
bed machine has a bed made endless or belt shape. It is provided 
with rubber feet that grip the work. For sanding irregular sur- 
faces a whip sandmr is used. This consists of abrasive material 
in slacked strips which is forced against the work, the strips 
being held in a revolving head. Another type, called the mold- 
ing sander is used for finishing such parts as chair rungs, etc. 
They are mounted and rotated between centers and brought 
against successive slashed abrasive pads. 

Stihfaczng Wood Floors 

Wood floors in apartment houses, dance halls, skating rinks, 
bowling alleys, etc., are surfaced after laying wi& special abra- 
sive machines. Such floors, especially those of bowling alleys, 
dance halls, and skating rinks are resurfaced periodically. The 
machine employed is simple in design as in reality it is a single 
drum sander mounted on a truck so that it can be rolled over the 
surface to be treated. Power is supplied by an electric motor. 
The feed wire is attadied to a light socket or floor plug. The 
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abrasives commonly used on floor surfacing machines are garnet 
paper» garnet combination paper and aluminum oxide cloth. This 
mate^ is furnished in 60 yard rolls in 12, 14, 18 and 24-inch 
widths. Operators do not agree as to the best grit of material 
to use. Some prefer No. 2 1/2 material for roughing and No. 1/2 
for finishing. Others use No. 8 for roughing. One company operat- 
ing a number of surfacing machines uses No. 4 material for 
roughing down old floors and Nos. 2 and 1 1/2 for finishing pine 
and maple respectively. When aluminum oxide cloth is used, the 
grit is about 86. Such material is said to be economical where 
nail heads are plentiful. The operation of the machine is simple 
as all that is necessary is to roll it slowly over the floor after 
the correct cutting adjustment has been made. Some operators 
change the paper oftener than do others. In general two to three 
rolls of paper will finiah a dance hall 75 feet each way or 6626 
square feet. A roll of 12-inch material in one test finished 8000 
square feet. If a floor is uneven more material must, of comrse, 
be used to make it level. In surfacing parquet floors. No. 2 can be 
used for roughing and No. 1/2 for finishing. Finer material also 
is sometimes used. 

Testing Abrasive Coated Products 

The method followed in testing abrasives at the plant of 
the Manning Abrasive Co., according to their research engi- 
neer, James F. Adams, is as follows: 

The testing is performed on machines of two types, an abra- 
sive disk and an abrasive belt sander. For testing woodworking 
abrasives, the belt tester is better adapted to the work. This 
machine embodies two pulleys, 10 inches in diameter and 5 inches 
face, one the driver, the other the idler. An endless belt of abra- 
sive paper or cloth is placed over the pulleys, one pulley being 
adjustable to impart the correct belt tension. This is accom- 
plished by a lever to which weights are suspended. The belt 
is run at a surface speed of 8000 feet per minute. The test 
material consists of oak blocks, 7/8 x 1 x 6 inches which are 
held in a printers' chase. A weighted level device is used to 
apply the blocks to the belt so that the ends of the blocks are 
sanded. A test lasts ten minutes and the amount of wood cut 
away in that time is noted and plotted on a chart in the form 
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of a curve. The blocks are taken at random from a bairelful, 
cut' from a single plank. 

Watbbpboof Abrasivu Paper 

Abrasive paper is made waterproof by using a specially 
treated paper backing and waterproof glue for holding the abnir* 
sive grain in place. This material is used extensively for rubbing 
down paint and varnish on automobile bodies. 
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ABRASIVE PRODUCERS 


Abrasive products in various forms are produced by nearly 
100 manufacturers in the United States and Canada, ^e data 
in this section have been arranged for ready reference. They 
include manufactiirers of abrasive paper and doth, grinding 
wheels, grindstones and pulpstones, manufactured abrasives, and 
natural abrasives in grain form. 
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ABRASIVE PRODUCERS 

Abrasive Pafeb and Cloth 


Anerieaii Glne Co., 

Boston, Maas. 

Armour Sand Paper Works, 
Chicago, BL 
Baeder Adamson Co., 

Philadelphia, Pa. 

H. H. Barton & Co., Inc., 
Philadelphia, Pa. 

Herman Behr A Co., Inc., 

BrooldTn, N. Y. 

Charles H. Bealy A Co., (Disks Only) 
Chicago, BL 
Caxbonmdnm Co., 

Niagara Palls, N. Y. 


Federal Abrasiye Works, Inc., 
Westfield, Mass. 

Gardner Machine Go., (Disks Only) 
Beloit, Wis. 

Manni^ Abrasive Co., 

Troy, N. Y. 

Minnesota Mining A Mfg. Co., 

St. Paul, Minn. 

United States Sand Paper Co., 
Williamsport, Pa. 

Wausau Abrasives Co., 

Wausau, Wis. 


Grinding Wheels 


Abrasive Co., 

Philadelphia, Fa. 

American Emery Wheel Works, 
Providence, B. L 

Bay State Abrasive Products Co., 
Westboro, Mass. 

Blanchard Machine Co., 

Cambridge, Mass. 

Brantford Grinding Wheel Co., Ltd., 
Brantford, Ont. 

Bridgeport Safety Emery Wheel Co., 
Bridgeport, Conn. 

Carborundum Co., 

Niagara Falls, N. Y. 

Chicago Wheel A Mfg. Co., 

Chicago, BL 

Cleveland Abrasive Wheel Co., 
Cleveland, 0. 

Commercial Grinding Wheel Co., Inc., 
Chicago, BL 

Cortland Grinding Wheel Gorp., 
Chester, Maas. 

De Sanno, A. P. A Son, 

Philadelphia, Pa. 

Detroit-Star Grinding Wheel Co., 
Detroit, Mich. 

Dominion Abrasive Wheel Co., 
Mimico, Ont. 


Eagle Emery A Corundum Wheel 
Go., 

Chicago, Bl. 

Electric Emery Wheel Co., 

Newark, N. J. 

General Grinding Wheel Co., 
Philadelphia, Pa. 

Hampden Corundum Wheel Go., 
Springfield, Mass. 

Lion Grinding Wheels, Ltd., 
Brockville, Ont. 

Macklin Co., 

Jackson, Mic^. 

Manhattan Rubber Mfg. Co., 
Passaic, N. J. 

National Grinding Wheel Co., Inc., 
Buffalo, N. Y. 

New York Belting A Packing Co«, 
New York, N. Y. 

Norton Co., 

Worcester, Mass, and Hamilton, Ont 
Pacific Corundum Wheel Go., 
Everett, Wash. 

Peninsular Grinding Wheel Co., 
Detroit, Mich. 

Pittsburgh Grinding Wheel Co., 
Rochester, Pa. 



ABRASIVE PRODUCERS 


Predflloii Grinding Wheel Co., Inc., 

Superior Corundum Wheel Ck>., 

Philadelphia 

Waltham, Mass, 

Quaker Grinding Wheel Co. Inc., 

Vitrified Wheel Co., 

Philadelphia 

Westfield, Maas. 

Safety Grinding Wheel St Machine Co., 

Waltham Grinding Wheel Co., 

Springfield, 0. 

Waltham, Maas. 

A. A. Simonda Dayton Co., 

Westfield Grinding Wheel Co., 

Dayton, 0. 

Westfield, Mass. 

Springfield Mfg. Co., 

White Heat Products Co., 

Bridgeport, Conn. 

West Chester, Pa. 

Sterling Grinding Wheel Co., 

Wolf’s New Process Abrasive Wheel 

Tiffin, 0. 

Co., Meriden, Conn. 

OBINDSTONES and PUIiPSTONES 

American Rubbing Stone Co., 

A. S. McClintock, Successor, 

Cincinnati, 0. 

Ohio Buff Sandstone Co., 

(Rubbing atones only) 

Sherrodsville, 0. 

Bracher Co., 

(Grindstones and pulpstones) 

BeUeville, Newark, N. J. 

Marietta Stone Co., 

(Sharpening Stonea) 

Marietta, 0. 

Briar Hill Stone Co., 

(Grindstones) 

Amherst, 0. 

Middleburg Stone Co., 

(Grindatones and pnlpatonea) 

Elyria, 0. 

Cleveland Stone Co., 

(Grindstones) 

Cleveland, 0. 

Ohio Quarries Co., 

(Grindatonea, pulpatonea and sharp- 

Cleveland, 0. 

ening stones) 

(Grindstones) 

Constitution Stone Co., 

Ohio Valley Stone Co., 

Constitution, 0. 

fifarietta, 0. 

(Grindatones) 

(Grindstones) 

Eureka Stone Co., 

Smallwood Stone Co., 

Marietta, 0. 

Steubenville, 0. 

(Grindstones) 

(Pulpstones) 

Hall Grindstone Co., 

Union Stone Co., 

Constitution, 0. 

Vincent, 0. 

(Grindstones) 

(Grindstones) 

International Pulp Stone Go., 

Wallace Co., 

Elyria, 0. 

Port Austin, Mich. 

(Pulpstones) 

(Grindstones) 

Lombard & Co., 


South Boston, Maas. 


(Grindstones and pulpstones) 



Manufactubbd Abbasives 


Alnmlninii Oxide Carbomnduia Co., 

Abrashre Co., Niagara Falls, N. Y. and Niagara 

Philadelphia, Pa. and Hamilton, Ont. Falla, Ont. 
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Federal Abraaiyee Co.. 

Btemingluiin, Ala. 

General Abrasives Oo., 

Niagara Fells, N. Y. 

Norton Co., 

Niagara Falls, N. Y. 

CarbUe of Silicon 
Carborundum Co., 

Niagara Falls, N. Y. and Shawen- 
egan Falls, Que. 

Exolon Co., 

Thorold, Ont.> and Blasdell, N. Y. 


Federal Abrasives Go., 
Birmingham, Ala. 

Norton Co., 

Chippewa, Ont. 

Metallic AbrasiTea 
American Steel Abrasives Co., 
Gallon, 0. 

Globe Steel Abrasive Co., 
Mansfield, 0. 

Pittsburgh Crushed Steel Co., 
Pittsburgh, Pa. 

Steel Shot A Grit Co., 
Amesbuxy, Maas. 


Natural Ajsbasivbs in Grain Form 


Abrasive Mining A Mfg. Co., 
Plymouth, Ind. 

(Emery) 

American Abrasive Co., 

Westfield, Mass. 

(Emery and corundum) 

American Glue Co., 

Boston, Mass. 

(Ghimet) 

H. H. Barton A Sons Co., 
Philadelphia, Pa. 

(Cramet) 

Hampden Corundum Wheel Co., 
Springfield, Hbss. 

(Corundum) 

Herman Behr A Co., Inc., 

Brooklyn, N. Y. 

(Garnet) 

Hamlltcm Emery A Corundum Go., 
Chester, Mass. 

(Emery and corundum) 

Hulbert Optical Abrasive Co., 

Tilton, N. H. 

(Emery and corundum) 

Jackson Emery Mills Co., 

Easton, Pa. 

(Emeiry) 


Keystone Emery Mills, 

Frankford, Pa. 

(Emery) 

Litbowldte Silez Co., 

Still Elver, Conn. 

(Silica Sand) 

Niagara Emery Mills, Inc., 

New York, N. Y. 

(Emery) 

Pennsylvania Pulverising Co., 
Lewiston, Pa. 

(Silica sand) 

Portage Silica Co., 

Youngstown, O. 

(Silica sand) 

Smith A ElHs, 

Peekskill, N. Y. 

(Emery) 

Rhodolite Go., 

Le Roy, N. Y. 

(Garnet and corundum) 

Warren County Garnet Mills, Inc., 
Riparus, N. Y. 

(Garnet) 

Wausau Abrasives Co., 

Wausau, Wis. 

(Flint and garnet) 
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SECTION IV 

GYLINDRIGAL GRINDING 


The art of cylindrical sfrindins: is being reduced rapidly to 
an exact science as great strides in this direction have been 
made during the past decade. The majority of cylindrical grind- 
ers are of the so-called plain type as used on production opera- 
tions. Large numbers of centerless grinding machines also 
are in use, and this important branch of abrasive work has 
received great attention during tiie past ten years. The uni- 
versal grinder is used extensively also; not only on toolroom 
work, but on certain production operations where it is necessary 
to have a general-purpose machine. Following are a number 
of pertinent factors pertaining to cylindrical grinding: 


AUowmneai for Ojrllndrleal Grliidliiff.M.... 
Oam-Grlndlnff Pnetios 

Genterlou Grinding Praotloo 

Chatter Marha 

Centerlnff Work 

GOOllllff SolntlOll MM.. •MM....... 

Crankiliaft OrlndliMr PraetleeM.... 

GroM-SUde Adjisitment 

Depth of Oat mm 

Ifirror In Orlndlnf 

Ketfiwating Grinder Prodactloii 

Fbrm Grinding 

Formulae for Grinding 


Mnltlple Wheel Grinding ... 

Plang»-Out Grinding 

Blbbon Grinding 

Slslng of Work 

Taper Grinding 

Traveree Feed 

Uneren Sparking mm 

Unlvereal Grinding Practice 

Use of Backreete 

Uee of Lubricant 

Wide Wheel Grinding 

Work-Locating Devlccw 

Work Speed 
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GYLINDRIGAL GRINDING 

AlItOWANC^ FOB CYLINDBIOAL GBINDING 


The accompanying table gives grinding allowances that can 
be applied under ordinary conditions to production work on 
cylindrical grinders. 


Diameter 
of work 
inchea 

8 

4 

Work Lenerth In Inches 
6 8 

9 

10 

12 

V . 

0.007 

0.008 

0.009 




% 

0.008 

0.008 

0.010 

0.012 


0.018 



0.009 

0.009 

0.011 

0.012 

0.012 

0.018 

0.018 

K 

0.009 

0.009 

0.011 

0.018 

0.018 

0.014 

0.016 

1 

0.010 

0.010 

0.012 

0.018 

0.018 

0.014 

0.016 

1)4 

0.010 

0.011 

0.012 

0.014 

0.016 

0.016 

0.016 


0.010 ' 

0.111 

0.018 

0.014 

0.016 

0.016 

0.016 

1?4 

0.010 

0.012 

0.018 

0.016 

0.016 

0.016 

0.016 

2 

0.016 

0.015 

0.016 

0.016 

0.016 

0.017 

0.017 

2 % 

0.015 

0.015 

0.016 

0.016 

0.016 

0.017 

0.017 

2 ^ 

0.015 

0.015 

0.016 

9.017 

0.017 

0.018 

0.020 

8 

0.015 

0.016 

0.017 

0.018 

0.020 

0.020 

0.020 

3H 

0.016 

0.017 

0.018 

0.019 

0.020 

0.020 

0.020 

4 

0.020 

0.020 

0.020 

0.020 

0.020 

0.021 

0.021 


0.020 

0.020 

0.020 

0.020 

0.020 

0.022 

0.022 

5 

0.020 

0.020 

0.021 

0.022 

0.022 

0.028 

0.026 

6 

0.020 

0.021 

0.028 

0.024 

0.026 

0.025 

0.026 

7 

0.020 

0.028 

0.025 

0.026 

0.026 

0.027 

0.028 

8 

0.025 

0.025 

0.027 

0.028 

0.028 

0.029 

0.080 

9 

0.026 

0.027 

0.028 

0.029 

0.080 

0.080 

0.080 

10 

0.026 

0.028 

0.080 

0.081 

0.081 

0.082 

0.082 

11 

0.026 

0.080 

0.081 

0.082 

0.082 

0.088 

0.084 

12 

0.080 

0.081 

0.082 

0.088 

0.088 

0.084 

0.085 

Diameter 
of work 
laches 

14 

15 

Work Length in Inches 
18 24 

80 

86 

42 


0.016 

0.015 

0.016 

0.018 

0.020 

0.020 

0.020 

% 

0.016 

0.016 

0.017 

0.018 

0.020 

0.020 

0.020 

1 

0.016 

0.017 

0.018 

0.019 

0.020 

0.020 

0.020 

1 % 

0.017 

0.017 

0.018 

0.019 

0.020 

0.022 

0.022 


0.017 

0.017 

0.018 

0.019 

0.020 

0.028 

0.028 

1 % 

0.018 

0.018 

0.019 

0.019 

0.020 

0.023 

0.028 

2 

0.018 

0.018 

0.019 

0.021 

0.021 

0.024 

0.024 

2)4 

0.018 

0.020 

0.020 

0.021 

0.021 

0.024 

0.025 

2)6 

0.020 

0.020 

0.020 

0.022 

0.022 

0.026 

0.026 

8 

0.020 

0.020 

0.022 

0.024 

0.026 

0.027 

0.027 

8)6 

0.022 

0.022 

0.028 

0.025 

0.025 

0.028 

0.028 

4 

0.028 

0.028 

0.025 

0.027 

0.027 

0.080 

0.080 

4)6 

0.024 

0.026 

0.026 

0.027 

0.028 

0.080 

0.030 

6 

0.026 

0.026 

0.027 

0.029 

0.080 

0.082 

0.082 

6 

0.027 

0.028 

0.029 

0.081 

0.081 

0.085 

0.086 

7 

0.029 

0,080 

0.081 

0.088 

0,084 

0.087 

0.088 

8 

0.081 

0.082 

0.088 

0.085 

0.086 

0.039 

0.040 

9 

0.082 

0.088 

0.084 

0.086 

0.087 

0.040 

0.042 

10 

0.088 

0.034 

0.085 

0.087 

0.088 

0.042 

0.044 

11 

0.085 

0.085 

0.086 

0.088 

0.040 

0.048 

0.044 

12 

0.086 

0.087 

0.088 

0.040 

0.042 

0.046 

0.046 
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Cam-Grinding Practice 

Automotive engine camahafts are drop forged from steel 
and case hardened to protect the wearing surfaces. In some 
instances carbon steel is used, although the more expensive 
alloy steels have been found to yield better results. The first step 
in the manufacture of a representative camshaft is to rough 
turn the center and main bearings. The next operation is to 
machine the cam contours. This usually is done in a special 
lathe equipped with means for advancing and retarding the cut- 
ting tools as the shaft revolves. Next the shaft is electro- 
plated with copper after which the main bearings and the cam 
contours are rough ground. This, of course, removes the copper 
plating so that the carbon will penetrate the steel in the heat 
treating operation at tiie cam contours and bearing sections 
only. The sections between the cam that are protected with 
copper plate remain soft. Finishing operations consist of grind- 
ing the main bearings and finishing the cam contours. While 
the foregoing outline is not followed literally in aU shops, it is 
fairly representative of the process. 

The rough grinding of the main bearings before case hard- 
ening is a comparatively simple operation that does not differ 
materially from any common (^lindrical grinding job. The 
work is located between centers and dogged at one end in the 
usual way. A back rest should be located over the center bear- 
ing to prevent chattering, however. The wheel should be manu- 
factured alumina. As the object is to remove stock only, a 
coarse grit can be used; 24 straight or 24 combination. The 
grade should be medium and, of course, the operation is per- 
formed wet. 

To derive the best results, the wheel and work speed must 
be considered together. Assuming that a peripheral wheel travel 
of 6000 feet per minute is used, the object sought is to obtain 
as high a work speed as possible, for the higher the work speed, 
the faster the traverse feed and consequently greater production. 
It might be well to start with a work speed of 40 feet per 
minute. If this speed makes the wheel act hard, reduce the 
wheel speed if possible and if this is not practicable, increase 
the work speed. This increase will make the wheel act softer. 
On the other hand, assume that the wheel appeared to wear away 
too readily. This can be overcome, of course, by reducing the 
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work speed, but the moment this is done production suffers. 
Thus the remedy is to increase the wheel speed which will make 
the wheel act hard. Of course, hard or soft wheels can be reme- 
died by substitutinfir different grades and this practice is to be 
recommended in preference to reducing work speed. 

If the in-feed method of grinding is used, wherein the work 
is fed directly to the wheel without traversing, the element of 
traverse feed is eliminated which simplifies the problem some- 
what In tbis case it is practicable to use a medium work speed, 
say 80 feet per minute, and to adapt the wheel speed and the 
wheel grade accordingly. The entire subject is a matter of 
experiment well within the possibilities of the average abrasive 
engineer, and where production is paramount experimentation 
to increase grinder ou^ut is always in order. The finish grind- 
ing operation on the main bearings of the camshaft after it is 
hardened is a precision operation in the strictest sense of the 
word. The bearings must be round and straight within close 
limits. The common practice is to use a manufactured alumina 
wheel in grits ranging from 24 combination to 60 straight, in a 
medium soft grade. One grinding engineer will derive excellent 
results with a 24 combination grit, while another will persist 
in using a finer grit. The safest rule to follow, however, is to 
use as coarse a grit as possible, the finish on the work deter- 
mining the selection. In some instances wheels bonded by the 
elastic process are used and they are productive of excellent 
results. As in the rough grinding operation, the traverse feed 
should be as rapid as possible and the other factors adjusted to 
conform to this. 

Cam grinding is done on a cylindrical grinding machine 
fitted with a cam-grinding attachment. This device is fitted 
with a number of master cams mounted on one shaft, one mas- 
ter being provided for each cam to be ground. By means of a 
hand lever the cam roller is shifted from one master to the 
other as the cams are ground. Perhaps the most interesting 
factor pertaining to cam grinding is the method followed In 
producing the leaders. It is a foregone conclusion that these 
units must be accurate within very close limits and hardened 
to protect them against wear. In cam grinding, a leader of the 
desired outline is used to generate the proper cam curvature, 
but in making the leaders the practice is exactly reversed. 

SO 
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In place of the grinding wheel there is located a cast-iron 
disk which must correspond in size to the diameter of the wheel 
that will be used. By running a model cam over this leader 
it is evident that a certain motion will be imparted to the 
master cam shaft. Thus as a model cam revolves, a grinding 
wheel of the same size as the cam roller is brought against 
the leader or master cam, and as the master cam shaft revolves, 
getting its motion from the model cam working over the cast 
iron disk, an accurate contoiur is imparted to the leader. While 
the foregoing is simple enough two important factors must be 
taken into consideration. 

1 — ^The disk must be the same size as the wheel that is to 
be used in grinding the cams on regular production work. 

2 — ^The grinding wheel must be exactly the same size as the 
roll that is to follow over the master cams when they are 
used as leaders to generate finished cams on regular produc- 
tion work. 

The master cams are roughed out before they are hardened 
and a simple method to follow in this operation is to mount 
each blank while soft on the roughing master cam spindle. 
Here it must be understood that two sets of masters are neces- 
sary in cam grinding — one for roughing and one for finishing. 
The attachment is started and as the model produces the neces- 
sary motion to the master the little wheel, which is the same 
diameter as the cam roller to be used, is brought to bear slightly 
against the side of the soft master. It makes an outline in 
this manner which can be followed by the toolmaker in remov- 
ing the superfluous stock before hardening. 

As before stated, the disk over which the model cam runs 
while making a master cam must be the same size as the wheel 
used in grinding the cams as a production operation. As aU 
grinding wheels wear in use it is evident that after the wheel 
has worn away somewhat it will not grind the same shape on 
the as it did when it was new and of the correct size. How- 
ard W. Dunbar furnishes a splendid graphic illustration of this 
phenomenon which is shown in Fig. 1. The model cam is in 
position bearing against the guide roll while a piece of card- 
board is glued onto the master. In this position it takes the 
place of the cam to be ground under ordinary working con- 
ditions. The pencil on the swinging arms represents the grind- 
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iug wheel periphery. In carrying out Mr. Dunbar’s experiment, 
a pencil mark is made on the cardboard, the master moved a 
few degrees and another mark made, and so on imtil the master 
has made one complete revolution. When the radius on which 
ihe pencil arm swings is changed to represent the periphery of 
a smaller wheel, a different shape cam will be drawn. As the 
three diagrams at the bottom of Fig. 1 illustrate, incorrect wheel 
sizes make a vast difference in the outline produced, even though 
the same master was used. 

Thus it is apparent that after the grinding wheel is worn 
slightly it can not be depended on for accurate cam grinding 
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FIG. 1— BBSm/r OF WEBBL WEAB ON 0AM ACOUBAOT 


results. The remedy is to discard the wheel and substitute one 
up to size, or to provide several sets of masters generated from 
various size disks to represent wheel diameter decreasing by 
increments of ^ to % inch. These masters should, of course, 
be stamped to show the size wheel for which they were gen- 
erated. 

The importance of using correct size wheels or at least 
wheels in correct relation to the master cam should not be over- 
loolmd. There are in operation today numberless automobile 
engines whi<^ do not develop maximum power simply because 
their cam shafts are “off time," which was caused by a negli- 
gent operator failing to understand the vital importance of the 


52 





CYLINDRICAL GRINDING 


relation between a grinding wheel aize and the master cams 
used with it in cam grinding. 

As the master cams are all keyed onto their shaft in correct 
relation to each other to impart the necessary timing, it is evi- 
dent that the driving dog must be located on the cam shaft in 
the right place to bring the cams in relation with the master. 
This is accomplished readily by means of a special locating 
device. 

In rough grinding cams, a coarse, hard wheel generally is 
used, 80 grit being satisfactory in most cases. This whed is 
operated at a peripheral travel of from 5000 to 6000 feet per 
minute, depending on local conditions. The work speed is com- 
paratively slow, but this factor will be explained more in detail 
later. In rough grinding the cams, they are ground one after 
another to wiihin predetermined limits leaving just enough 
stock in place to finish the cams properly after hardening. If 
too much stock is left it is obvious that the “case” will be ground 
through which would result in soft cams which would wear 
out rapidly. Thus extreme care must be exercised, even in the 
rough grinding. 

In the finish grinding operation it is most always customary 
to use a fine grit wheel in elastic bond, 46 grit being generally 
satisfactory. While this operation is a comparatively simple 
one it is not without its drawbacks for great care must be 
exercised to prevent the cams “checking.” These checks are 
cracks in the case-hardened surface that lead to serious diffi- 
culties. The work speed in cam grinding varies from a very 
slow one as the cam nose passes the wheel to an accelerated 
motion while the cam rise is being generated, and the rapid 
change in speed often results in undue heat which causes checks. 
F. W. Brown furnishes the following interesting data on cam 
checking: 

Checks are caused in several ways. The two chief ones are 
incorrect heat treatment and the use of hard wheels. The 
checks sometimes are hardly visible to the naked eye, and 
in some cases they curl up after standing a few hours. This, 
of course, is only in extreme cases, but a normal check will cause 
irregular timing. I have seen checked cams that passed the 
inspection department and to all appearances looked all right, 
but a few hours’ running in contact with the cam rolls caused 
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the checks to curl up aud break off. This condition can be 
eliminated as far as the grinding is concerned by tiie use of 
soft wheels, correct work speed and a regular feed by the 
operator. 

The human element eaters to a large extent in the grind- 
ing of cams. Some men have a sense of touch that brings per- 
fection that others never attain. In grinding cams after hard- 
ening I have found in six different automobile plants that a 
wheel speed of approximately 5600 feet per minute with the 
correct work speed for the different shaped cams to be satis- 
factory. Any standard make of grinding wheel selected properly 
win grind most cams that have come under my observation. 
I have found that elastic bond wheels running at a speed of 
6500 feet per minute with a work speed of 42 revolutions per 
minute for roughing and of 22 revolutions per minute for finish- 
ing gave excellent results and eliminated checking. It is seen 
that two finish grinding operations were performed. 

Individual cams are finished on an individual grinding 
attachment. At one time this t 3 ^e of cam was used extensively 
in automobile engine construction, but now its use is confined 
to single-cylinder engines such as marine and motor-cycle 
motors, etc. The process of grinding does not differ from that 
previously described. The attachment instead of having a 
multiplici'^ of master cams has one only. These attachments 
also are used for finishing the large chilled iron cams used in 
diesel engine practice. These cams often are 10 inches in 
diameter. In this case Ihey are ground from the rough castings 
with carbide-of-silicon whe^. 

Cam grinding practice has not changed materially in the 
past ten years, although great strides have been made in per- 
fecting suitable wheels which overcome former difflniTtiiw due 
to the uneven work speed involved. The progress that has been 
made in producing cam grinding attachments and model and 
master cams has been along the line of refinements and a num- 
ber of accurate and delicate machines have been devised by 
leading grinding machine manufacturers for chflnTring the truth 
of model and master cams. 

Gentebubss Gbindino Pbactigb 

The principal elements of a modem centerless grinding ma- 
chine, according to George W. Binns, are the grinding wheel, regu- 
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lating or feed wheel and the work refit. The work rest may be 
provided with suitable guides to lead the work in line with the 
wheels and receive it therefrom. These elements may be arranged 
and combined in a number of different ways, but the fundamental 
principle involved is the same in all cases. The grinding wheel in 
action presses the work against the work rest, due to what is 
called the cutting pressure, and also against the regulating or 
feed wheel by what may be called the cutting contact pressure. 



no. f— TBAVSBSB-RATB DATA FOB OEZnKB- 
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which is that pressure which keeps the work in contact with the 
regulating wheel. This wheel generally is of a material similar 
to the grinding wheel which provides a surface sufficiently rough 
to prevent any slippage between it and the work, causing the 
work to assume the same surface speed as the feed that of the 
feed wheel 

Lateral movement of the work past the grinding wheel also 
may be imparted by the regulating or feed wheel when desired. 
With wheels which have a peripheral contact with the work, this 
is accomplished by a tilt or angle between the feed-wheel spindle 
and the axis of the work. That is, their centers do not fall in 
the same plane. Where the feed wheel has face contact with the 
!)^ork, as in the Reeves grinder, the same action is obtained by 
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having the contact with the work at a point slightly below or 
above the center. Fig. 2 shows how to figure the rate of traverse 
of the work through a centerless grinding machine of the Cin- 
cinnati type. This is a theoretical feed based on the assumption 
that there is no slippage of the work whatsoever in its contact 
with the feed wheel. It is said to be remarkable how close 
actual results check VTith the theory. There is rarely an error of 
more than 2 per cent. In ordinary centerless grinding practice* 
the work is fed between the wheels a number of times, a small 
mnount being removed at each pass. The number of passes 
necessary for a given job is governed by several factors,, such as 
the diameter of the work, the amount of metal to be removed, 
the grit and speed of the grinding wheel, etc. Further data on 
this subject are given under Centerless Grinding of Auto Farts 
in this section. 

An interesting development in centerless grinding consists of 
the so-called shoulder grinding of pieces that, due to their design, 
cannot be passed through the machine. In this category are 
included the ordinary headed work such as bolts, valve tappets 
and valves. Here the work is placed between the wheels on a 
work rest and the wheels are brought in a definite amount, thus 
sizing the work. By this method it is necessary to have the 
wheels as wide as the ground portion of the work is long. The 
infeed operation has been worked out very efficiently so that 
the movements of the operator are reduced to a minimum. There 
is one movement only required of each of the operator’s hands. 
His right pulls the lever down to a stop. This closes the wheels 
together for sizing the work. The return movement of this hand 
automatically ejects the piece while the left hand drops a new 
piece into position. The movements of the operator are therefore 
so siniple that he does not have to think while operating the 
machine. 

Work of this nature is usually finished in two cuts, one for 
roughing and the other for finishing and accurate sizing. The 
production averages between 10 and 16 pieces per minute for 
each cut, giving a net production of five to eight pieces per min- 
ute and this production compares favorably with the straight- 
through method for the equivalent amount of grinding. Auto- 
matic attachments for the infeed method relieve the operator of 
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fill hand movement and when a hopper feed is used in connection 
with the machine its operation is practically automatic. 

The infeed method of grindiniT opened a very large new field 
induding form work, taper work and long shafts which have a 
short portion only ground. In fact, centerless grinding has al- 
ready been applied to a wide variety of work and on classes of 
work which was thought a short time ago to be absolutely impos- 
sible. 

Perhaps the most important factor pertaining to centerless 
grinding, according to J. E. Caster, is that of generating round 



Tta. I— TTFIOAL POSITION OP WOBK 
m OBNTBBLEBS OBINDINa 


surfaces. It is not difiicult to understand why work is ground 
round on a cylindrical grinder with centers, because the centers 
determine an axis of revolution about which is generated a cylin- 
der; the diameter of this cylinder being determined by the dis- 
tance between the centers or axis of revolution and the periphery 
of the grinding whed. But in the centerless grinder, we have 
no centers and at first glance no method of controlling the round- 
ness of the work. We can understand how the diameter is con- 
trolled because this is dependent upon the distance between the 
active surfaces of the two wheels, but a constant diameter does 
not mean a round piece. 

First, let us consider the two wheels with a blade mounted 
between, and a piece in the grinding position, as shown in Fig. S. 
For the purpose of illustrating our point, we have placed the 
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center of the work in a line with the oentere of ihe wheele. The 
blade has also been shown with a flat top. Eere we have the 
three sides of a square and any hollow spot in the work which 
is placed in contact with the reffolating wheel, wiU cause a cor* 
responding hump or high spot to be ground diametrically oppo- 
site and any high spot which comes in contact with the regulat- 
ing wheel will generate corresponding low spot opposite. This 
is shown in Fig. 4. The blade influences this action somewhat 
by elevating or lowering the center of the work as humps or flats 
pass over it, but the point is wdl illustrated without consider- 



ing this factor. If we should grind work in this position we will 
have pieces which are of constant diameter but are not round. 
One of the most common shapes generated by this setup is shown 
in Fig. 5, and is known as the 8-arc triangle, having a con- 
stant diameter, but not round. 

In Fig. 6 we see that the work has been elevated so its center 
is above the line drawn between the centers of the wheels. With 
this setup, a low spot in contact with the regulating wheel will 
cause a high spot to be generated at the grinding wheel contact, 
but not diame^cally opposite, and as the piece being ground is 
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rotated, the high and low spots will not come in the same rdation- 
ship as shown before and we will get a gradual rounding up 
effect Furiher to assist in this rounding up action, we have 
found it to be advantageous to use a blade known as an angle 
top blade, as shown in Fig. 6. Here we have broken up all the 
angles of contact and obtain the maximum rounding effect. 

There is another action which greatiy influences the round- 
ing up effect and is shown diametrically in Fig. 7. Two lines. 



no. I— TBB BOCALLED S^ABO TBIAKOm ^THICH IS 
OAUSSD BT AN INCOBBBOT SBTUP 


A A and B B, have be^ drawn tangent to the point of contact 
of the work with the wheels, and another line, C C, shows the 
plane determined by the angle top of the blade. We will see herQ 
that if a low spot comes in contact with either the plate or the 
regulating wheel, as in the case of the piece shown in dotted lines, 
that the approximate center of the work will be lowered. As 
the work settles down, or is lowered, the wheels in effect, move 
in, due to the V shape of the two tangent lines A A and B B. 

Since the wheels are, in ^ect, closer together as the work 
settles or lowers, instead of grinding a high spot at the grinding 
wheel contact which is equal to the size of the flat which is in 
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contact with the regulating wheel, a high spot or hump will be 
generated which is proportionately less than low spot, depending 
upon the angle alpha of the tangent lines, together with the angle 
of the plane of the plate. Here it is seen we have a corrective 
effect in addition to the averaging effect explained above. This 
action is very complex, but from experience we know that it is 



very corrective and if a piece very much out of roxmd, say 0.010 
to 0.012-inch, is started through the machine and a light cut is 
taken, only the high spots VTill be ground, and from the very 
first spark the machine starts to generate the largest true cylinder 
which is possible to be generated out of the irregular outline in 
the rough piece. 

The higher above center the work is placed, the quicker the 
rounding up action ; the limit being when ihe work kicks up from 
the blade due to the greatly increased vertical components of the 
lines of pressure. This fact is proven every day, as the regular 
cure for out-of-roundness is higher placement of the work, aU of 
which agrees with the theory of correction, since the bi glhar the 
work the larger the angle alpha. It is possible to go lii gh er 
with soft wheels than it is with hard ones. This is because the 
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contact pressure is not so great, which decreases the tendrac^ 
to force the work up. Naturally, when a particular piece of work 
is had which is hard to round up, the work can go extra high 
by using a wheel that is extra soft. A good normal grinding 
position is to have the center of the work approximately half 
the diameter of the work above the center of the wheels. For 
work that is very sTnaii go higher, and for work that is large, 
go lower. In the normal tsrpe of grinding, that is, by through 



feed methods, it is not possible to round up the job in one pass 
and one reason for this is that the work continues to rotate on 
at least part of its rough diameter until it has passed all the way 
into the wheels, and so it generally happens that one end of the 
work becomes more accurately round than the other on the 
first pass. 

There are two broad classes of centerless grinding. First, 
through-feed method, and second, the in-feed meHiod. In the 
in-feed method, the wheels are placed with ilie axis of the spin- 
dles practically parallel, so that very little traverse effect will be 
obtained. The work, which generally has a shoulder, head, or 
some underground portion larger than the ground diameter, is 
placed between the wheels resting on the blade and against an 
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end atop which is to the rear of i^e wheels. The wheels are then 
gradually brought togther to a predetermined distance which 
grinds the worh to size. 

In this way the stock is reduced simultaneously over the 
entire length of the piece being ground while in the trough-feed 
method, the reduction is gradual, extending from end to end as 
the work passes through the wheels. The same consideration for 
roimding up work holds good whether we are grinding by the 
through-feed or the in-feed method. It is also possible to gene- 
rate a cylinder if the center of the work is below the center line 
of the wheel, and oftimes, due to certain characteristics of the 
piece being ground, this setup is used. However, the rounding 
action is not as rapid as in a case of grinding above center. 

A fundamental requirement of work turned out by the cen- 
terless machine is that it must be straight. The first considera- 
tion for grinding a piece straight is to have the wheels wide, and 
it is easy to grind work perfectly straight that is not longer than 
the wheels are wide. If, however, the piece is much longer than 
this, then it becomes important to consider what advantages may 
be taken of the various methods of grinding. We saw previously 
that if we wished to round up a piece, it was desirable to have 
it make as many revolutions as possible when passing through the 
wheels in order to give time for the averaging and correction 
action, but in straightening a piece it is desirable to have the 
angle of the lead or spiral advance of the work as great as pos- 
sible. The farther the work is advanced into the wheel per revo- 
lution, the greater the tendency to straighten it, and it ^so often 
happens that there is considerable advantage in going below cen- 
ter on crooked work because this causes the work as it revolves 
to throw the high point into the wheels instead of away from 
them and helps to prevent crooked work from chattering, doe to 
the spring of the piece. There are also difSculties in grinding 
work straight which are caused by faulty set ups. Directly to 
the front and to the rear of the grinding wheels are placed 
guides which accurately line up the work with the wheels before 
and after being ground. 

H. F. McGlung gives the following data pertaining to center- 
less grinding operations in automobile manufacturing plants: 

While space prohibits a detailed description of the large 
number of operations performed by the centerless grinding ma- 
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chine, we will describe one or two operations which will show 
the accoraor and large production possible on modem grinders. 
When we realize that present-day motors are designed to run 
from 2600 to 8600 revolutions per minute and with every second 
revolution a power impulse obtains, which causes wear on the 
reciprocating parts of the motor, it is readily seen that these 
parts must be made and assembled with the utmost precision. 
In one large automobile plant the following grinding operations 
are i)erformed in the manufacture of piston pins : 

The pins come to the grinders direct from the heat treating 
department at a diameter of 1.016 to 1.017 inches. The first two 
operations consist of two passes through a centerless grinder, 
removing 0.007-inch per pass, with a production of 260 pins per 
hour through both operations. The pins then go to another 
centerless grinder for the semifinish operation, consisting of one 
pass removing 0.002-inch stock and one sizing pass removing 
0.001-inch stock, with a total production through both operations 
of 600 pins per hour. Then finishing operations are performed 
on another centerless grinder, the first pass removing 0.001-inch 
stock and the finish pass removing 0.0002-inch stock, with a total 
production through both operations, of 600 pins per hour. The 
pins are then taken to a lapping machine for the final operation. 

The finished pins are then taken to the inspection depart- 
ment where they are checked on a fiuid gage and V-block for 
size, taper, and eccentricity. The pins are held to 0.0002-inch 
for taper and 0.0001-inch for out-of-round. The diameter is held 
to limits of 0.9986 to 0.9988-inch and are separated for assembly 
purposes into divisions varying by 0.0001-inch. In order to keep 
up this production schedule and attain such accuracy and the 
finiab demanded, it is necessary to have grinding wheels of the 
proper grade and grain for each operation. The centerless grind- 
ers in the plant in question are also used for fast production 
on various other parts, such as the gear shifter rods, steering 
knuckle pins, reverse idler shaft, brake rods, oil pump shaft, 
brake cams, valve push rods, and various straight bushings. 

The following data pertaining to the centerless grinding of 
drill rod was furnished by B. K. Price: 

In the production of drill rod steel, in most plants, centerless 
grinding has come to supplant the finish pass over the draw 
bencL Not only has the grinding been found to expedite produc- 
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tion, but it holds greater accuracy and provides a finer finish. On 
the two latter features special emphasis is placed. It is essential, 
in fact, that limits less than 0.0005-indi in diameter be main- 
tained on all sizes. 

At one of the larger plants devoted to drill rod manufacture, 
the rod sted is of high carbon content. It ranges from % to 
inches in diameter and on an average, 8 to 12 feet in length, 
although occasionally 18-foot lengths are produced. The rods are 
run through a vertical type centerless grinder. The work rests 
on a live support, the feed wheel, and rotates with the same 
surface speed as the feed unit. The feeding action is provided 
by the angle of the feed wheel to the grinding whed, which im- 
parts a screw action to the work. This angle is usually set at 
one to four degrees. 

The grinding wheel is manufactured alumina, 60 grit, L 
grade, 18 inches in diameter, with a 4-indi face. The speed of 
this wheel is held constant, regardless of the size of the work, at 
around 1400 revolutions per minute. The feed wheel is rubber 
bond, 10 inches in diameter, 8 inches face, 60 grit. As the feed 
whed is wider than the grinding unit, it exerts a rotating and 
feeding action before the grinding wheel is reached and after it is 
passed. No pressure from the grinding wheel is necessary to pro- 
duce rotation. The speed of the feed wheel is variable, and is 
usually regulated by a rheostat, which can be set to provide 25 
different speeds for each degree of angle to which the wheel is 
set. Feeds of from one to 90 feet per minute are available. 

Positive control of the work is provided by two guide bars 
so arranged that once set they maintain their position as the 
grinding wheel wears. They are set paralld to the axis of the 
larger wheel Depths of cuts are regulated by a hand wheel, 
operating through a worm and worm wheel and a jack screw to 
raise the feed wheel toward the grinding whed. The hand 
wheel dial is graduated in tenths of thousandths and one revo- 
lution produces a feed of 0.01 inches. The small bars, naturally, 
go through faster than the large. At the plant in question ap- 
proximately 0.002 to 0.008 inches of materi^ are removed in the 
course of the operation, following which the rods are buffed to 
impart a high polish. 

W. W. Seabury furnished the following data pertaining to 
centerless grinding operations at the plant of the Ford Motor Go. 
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As this plsnt is world-fsaffed for its intensive production opera- 
tions, the data can be taken as authorative of present-day eco- 
nomical centerless grinder operation: ^ 

In finishing piston pins by the centerless method at the 
Ford plant, a production of 66,000 pins is obtained with a comple- 
ment of 67 men operating 26 machines. Limits are 0.0004-inch 
for roundness and taper. Some idea of the accuracy obtained 
is had from the fact that a pin wiU not pass inspection if it is 
out 0.0002-inch in roundness or taper. On tractor pins 1% indies 
in diameter, 0.018 to 0.02-inch is removed from the diameter in 
three roughing passes. About O.OOSS-inch is removed in five 
flnishiTig operations as follows: Material 

removed. 

Pass indies 


8 

4 








0.0012 

0.0008 

0.0007 

0.0006 

0.0008 


To detect inaccuracy in the work at inspection, the gaging 
is done by a method using the 3-point principle employed in the 
centerless grinder. A V-block and magnifsdng dial are used. 
Experience determines the best angle of the driving-wheel axis 
with that of the grinding-wheel axis. It depends upon the type 
of work, kind of finish required, and the amount of stock to be 
removed. In the case of the tractor piston pin, an angle of 8 
degrees is satisfactory. 

The centerless grinder had made it possible to machine light 
pistons with the great accuracy without the distorting effect of 
chucking, which was necessary in a turning machine. It is the 
Ford company's experience that in the turning of pistons the 
intermittent striking and receeding action of the tool in going 
over the piston-pin hole makes it almost impossible to produce 
a round piston, regardless of the care and precautions taken to 
use lighter cuts and to relieve a section around ihe piston-pin 
hole. It has not been unusual to find pistons having a wavy 
appearance the length of the piston after &e finish-turning opera- 
tion, regardless of the heat foeatment or seasoning of the metal. 
The cause of this is attributed to the variation in the texture of 
the metal and the consequent springing action of the tool due 
to the variation in hardness commonly called hard spots. 

Centerless grinding greatly simplifies the problem of finish- 
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ing pistons accurately. the case of the cast-iron piston the 
rough-taming operation is performed first, after which the finish- 
ing operation is done on Ihe centerless grinder. The amount of 
sto(dc removed is 0.008-inch in the first operation through the 
centerless machine and 0.001-inch on the finish operation. Al- 
though the production runs about 60,000 pistons per day, the 
accuracy had been increased with the centerless machine so that 
the tolerance is now 0.0005-inch, plus or minus, as compared with 
0.002-inch when the finish operation was turning one. The life 
of a grinding wheel on this job is about 60 days. The size of wheel 
is 20 inches in diameter, 4-inch face, 9-inch bore. It is dressed 
about four times in 24 hours. 

The machines used for centerless grinding at the Ford plant 
by the through -feed method embody a grinding wheel and regu- 
lating wheel mounted with their axes in a horizontal plane and 
opposite each other. Another type is the vertical opposed iype 
having the grinding wheel mounted directly above the regula^g 
wheel. The latter type has the advantage over the former for 
grinding narrow work of large diameter, as, for example, the 
Ford brake shoe, a casting about 1 inch wide and 8 inches in 
diameter, held to within 1/64 inch limits in the foundry. 

The 0.082-inch of stock to be removed is ground off in the 
vertical-iype centerless grinder in two passes and the limifa TwaiTi- 
tained are .002-inch for roundness. The cutting capacity is about 
five cubic inches per minute. This production has been obtained 
after persistent devdopment of the machine as a whole, and espe- 
cially the grinding whed. It might be well to mention that at 
the start of the use of the centerless grinder on this part, 1500 
shoes had been ground p«: whed, but after considerable effort 
on the part of whed manufacturers, the average shoes per whed 
ran from 16,000 to 20,000, dressing the whed only once at the 
start. The whed is used to within % inch of the hole. The speed 
of the grinding whed on the first-operation ig loOO 

revolutions per minute and on the second-operation nnwhfaa, i280. 
The size of grinding whed is 18 inches diameter, 4-inch face! 
7%-lnch hole. The regulating whed is 9i^ inches in 
with an 8-lnch face. It is Important to keep the grinding whed 
sharp and free from gamming by using plenty of dean water 
and enough soda to prevent rusting. A solution of 92 per cent 
water, 6 per cent sal soda and 8 per cent oil is satisfactory. 
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Gbmtebikg Wobk 

Great care should be exercised in centering work for the 
grinding machine, for if the centers are not Irue accurate 
results cannot be expected. The centers must be a true 60> 
degree angle (American practice) and the operator must make 
sure that the drilled hole below the countersink is deep enough 
to accommodate the mid of the center. As a general rule, com- 
bination drill and countersinks are used for centering work 
as they reduce the centering operation by practically one-half. 

No matter how carefully the work has been centered, ac- 
curate results in grinding cannot be assured if abnormally heavy 
laihe cuts have distorted the centers. In this case it is a good 
plan to re-center the work before it is brought to the grinding 
machine. Attention to this slight detail, especially when work- 
ing on very fine operations, will save trouble. 

Chatteb Makes 

Chatter marks are a detriment to efficient grinding. In con- 
nection with cylindrical grinding, chattering can be laid to a 
number of causes such as the grinding machine centers not fit- 
ting those in the work, loose wheel slide, loose wheel spindle, 
head or tailstock loose in the platen, incorrect relation between 
the wheel and the work speed, ladk of backrests, wheel not trued 
correctly, wheel out of balance and end play in the work on its 
centers. The remedy is to go over the machine carefully with 
the foregoing factors in mind to locate the difficulty. 

Cooling Solution 

A solution of soda water or a prepared grinding lubricant 
should be used in cylindrical grinding operations whenever pos- 
sible. The rule also applies to surface grinding, knife grinding, 
etc. The larger machines are equipped with cooling systems, 
the solution being supplied in a constant stream at the point of 
grinding contact. Some of the smaller imiversal grinding 
machines are not equipped with cooling systems. A solution 
composed of sal soda and water gives excellent results in gen- 
eral cylindrical grinding. Plain water is not practicable as it 
rusts the machine and the work. Various manufacturers of 
grinding machines do not agree as to the amount of soda to 
put in a given amount of water in making up the solution. Three 
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well known makers of grinding nmdliines recommended the follow- 
ing solutions: One pound of soda to two gallons of water, one 
pound to four gallons and one pound to eight gallons. Thus 
a wide range is to he had. It is safe to assume that anjr amount 
between the two extremes would be satisfactory. From an eco- 
nomical point of view, however, the formula calling for the 
least amount of soda is the cheapest. The object of the soda is to 
prevent rust so that any desired amount that will bring about 
this result should be satisfactory. 

The various grinding compounds lhat are on the market 
give good results. In general it should be stated that a thick 
solution should not be used when grinding up to shoulders as it 
prevents the operator seeing the wheel edge as it approaches 
the shoulder. The question as to whether grinding compound 
carries disease germs is a moot one. Many years ago when lard 
oil was used extensively in screw-machine practice it was thought 
that it carried disease germs. Thus if the operator had a slight 
abrasion on his hand or arm he stood a chance of b«»ming inoc- 
culated. For this reason, the use of a strong antiseptic was 
advocated in many instances. As a matter of fact, such solu- 
tions as lard oil could be sterilized by boiling. Regarding the use 
of antiseptics in grinding compounds, one of the most prominent 
grinding machine manufacturers states as follows: 

We have never found it necessary to consider the use of anti- 
septic agents in grinding compounds, as there has been no record 
of any infection coming from that source. We have had some 
questions arise regarding the cutting compoimds used on screw 
machines and other similar tools, but even here the analysis 
has seemed to indicate that there was no contamination of a 
character which might cause infection. 

Grankshaft-Grindino Practice 
In the manufacture of crankshafts, no two plants follow 
exactly the same routine, but the general sequence of operations 
after the shaft is ready for the initial grinding operation are 
as follows in a representative plant: 

1 — ^Rough ^nd ends. 

2 — ^Tnrn pms. 

8 — ^Drlll for lubrication. 

4— Rough grind pins. 

6— Straighten. 

6 — Seminnish pins. 

7.— Finish pina. 
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8 — ^Bough finish No. 2 and 8 center main bearings. 

8 — Str^hten. 

10 — Finish No. 2 and 8 center main bearings. 

11 — Straighten. 

12 — ^Finish No. 1 and 4 main bearings. 

18 — ^Finish both outer ends. 

14 — ^Eeyseat both ends. 

16 — ^DrUl starting crank hole. 

16 — Straighten. 

17— Bongh balance. 

18— Finish balance. 

18--Gomplete drilling operations. 

20-PollA. 

The shaft in question has six pins each 2% inches in diame- 
ter and 111/16 inches long with %-inch fillets at the comers 
and four main bearings. The two center main bearings are 2^4 
inches in diameter and 1 23/82 inches long, while the outer bear- 
ings are 2^ inches in diameter, one being 8% and the other 
2^ inches long. The back end of the shaft also includes the 
taper fit for the fiywheel, 2% inches long and 1% inches in 
diameter at the large end, and two other ground portions, 1^ 
inches in diameter and % inch long; and IH inches in diameter 
and 1 28/32 inches long, while the outer bearings are 2%, inches 
in diamter, one being S% and the other 2^ inches long. The 
back end of the shaft also includes the taper fit for the flywheel, 
2% inches long and 1% inches in diameter at the large end, and 
two other ground portions, m inches in diamter and %-inch 
long; and 1^ inches in diameter and 1% inches long. In grind- 
ing both pins and main bearings, 0.036-inch of material is re- 
moved in the first roughing operation, 0.01-inch in semifinishing, 
and 0.008-inch in finishing. From the list of operations it will 
be noted that finishing allowance would be necessary to compen- 
sate for irregularities brought about by the internal strains in 
the steel adjusting themselves. 

For finishing l^e main bearings the crankshaft is mounted 
between centers in the usual way and it always is backrested at 
the portion of the shaft in process of grinding. This is important 
for wdthout a backrest properly adjusted, chattering would result. 
The usual procedure in finishing main bearings is to employ a 
wheel slightly narrower than the width of the shortest bearing so 
that the work must be traversed slightly. Accurate fillets on the 
bearings are of course necessary for without the fillets the shaft 
would break in use. The wheel comers are trued to the desired 
radius by means of a special device carrying a diamond. The 
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diamond holder is adjustable so that radii of any desired curva* 
tore can be had. It is necessary to retrue the wheel comers each 
time the wheel face is dressed. 

A double-head crank grinder is the most economical ma- 
chine to employ for finishing the crank throws. The shaft is 
driven from each end, the ends being gripped in offsets which 
are adjustable for different crank throws. Both heads are driven 
simultaneously through gearing and a shaft that connects the 
heads. The work is backrested at the point of grinding to avoid 
chattering, ha finishing the pins, the usual procedure is to run 
the shafts through the department in lots of say ,100. Thus the 
machine is set up for work on all pins that lie in the same plane 
and after these are finished the machine is reset for pins in 
another place. Where the production schedule warrants the use 
of several machines, one grinder can be kept continuously on 
one operation which keeps production at an even flow. 

The selection of wheels for crank grinding is a problem that 
must be settled by each grinding wheel supervisor as local condi- 
tions usually influence the grit and grade (Section. Thus careful 
experimentation is the only reliable guide. However, the machines 
in a representative plant are equipped with manufactured 
alumina wheels. The wheels used for roughing and semifinish- 
ing both the pins and main bearings are 86 grit, S grade on the 
universal scale, vitrified bond. The peripheral travel is 6000 
feet per minute. The high peripheral speed in connection with 
a hard wheel is necessary as the wheel is subjected to very heavy 
duty. Finishing is performed with wheels manufactured al umina. 
wheels is 86 grit, M grade, vitrified bond. These wheels are of 
the special so-called refined material which is quite friable when 
compared with the ordinary manufactured abrasive of commerce. 
That the wheels prove satisfactory for the work is apparent as 
the grinding time for one shaft including the three operations, 
that is roughing, semifinishing and finishing of the line bearings 
and pins is 61 minutes. No iraverse feed is used in pin grind- 
ing, the wheel being trued on its sides to exactly the width of the 
pins. W. Paul Gonant furnishes the following data pertaining 
to the manufacturer of crankshafts on a quantity basis: 

The rough crank as it comes from the centering 
first is sandblasted to remove all foreign matter. A rechecking 
by an inspector follows this to catch any possible flaws overlooked 
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in the forge shop. The crank then is given a numher for record 
piurposes and sent to the lathe department for the initial opera- 
tion. The conveyance used is a specially designed rack with ball 
bearing casters to insure easy propulsion. This rack is built so 
that as the various surfaces are finished they are protected from 
harm. The centers of the shaft are first tested and then the cen- 
ter bearing is rough turned leaving 0.05-inch of stodr. 

In another engine lathe, the main bearings are spaced and 
roughed out and the crank checks faced. A templet is used to 
check the accuracy of the operation. The limits are the same 
as for the center bearing. Following this operation the flange is 
turned on its outside diameter and to width, 0.06-inch of material 
being left for finishing on the diameter and 0.076-inch on the 
width. The final operation on this surface is to finish turn 
in a lathe. 

The rear bearing and oil groove next are rough turned after 
which the front bearing and gear fit are machined. A floor in- 
spector helps in these operations by constantly checking the work. 
The machines next in line are pin lathes which rough turn the 
pins leaving 0.06-inch of stock for rough and finish grinding. 
The diameter is held to 0.006-inch and the width to 0.008- 
inch. The radius also is kept to a close safe margin to 
insure the wheel against excessive wear and resultant loss 
of production and accuracy. The foregoing operations are 
all on machines lined up in batteries so the movement of the 
racks of stock do not slow up the continuity of the operations. 
The greatest single movement does not usually exceed four feet. 

The cranks finally are inspected and straightened where 
necessary before going to the grinders. The first grinding is 
done on a plain grinder capable of accommodating work 14 inches 
in diameter and 96 inches long. This operation consists of rough- 
ing the line bearings and gear fit. llie wheel is manufactured 
alumina, 20 inches in diameter, from 2^^ to 3^ inches face, 
8016 grit, F grade. The amount of stock left for finish grind- 
ing is 0.016-inch and the limits are 0.001-inch on the diameter 
and the width. Each size crank has its master and production 
snap gages, all under the care of the inspection department. 
They are (decked carefully at regular intervals. 

The pins then are rough ground on a pin grinder equipped 
with special attachments. About 0.018-incb of stock is left for 
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fsiA grinding and the width is held to 0.002>inch which is pre- 
determined by dressing the grinding wheel The wheel width is 
0.026-inch oversize and it is dressed by the operator after setting 
up. A special turning device attached to the headstock helps this 
operation and insures parallel sides. The same condition also 
applies to the finialn'Tig wheels. Fin grinding machines of the 
type previously mentioned are used next to finish grind the pins, 
using manufactured alumina wheels 24 combination grit, N grade. 
The roughing and finiaTiiTig grinders are run in pairs, the close 
contact of the operators helping the complete operation very much. 
Any difficulty is quickly discovered and overcome, practically 
fl1iTififTi«.tiTig the production of scrap. The pins are held to 0.0002^ 
inch on the diameter and 0.001-inch on the width. They must 
be round, free from chatters, wheel marks, and show a clear sur- 
face. Accurate grinding with proper wheels makes the finish 
a minor detail, as far as trouble hi getting it is concerned. Dia- 
monds are used for dressing in all finishing operations and 
mechanical dressers on aU roughing operations. The cranks then 
pass through another complete inspection before the line bearings 
are finish ground. Plain grinders are used. They are fitted with 
manufactured alumina wheels, 18 inches in diameter, 2^-inch 
face, 46 grit, M grade. Nothing impairs finish or accuracy quite 
as mudi as excessive stock removal with a finishing wheel, espe- 
cially when grinding the special alloy steel used in the high grade 
automotive products. 

The flange next is ground on the outside diameter which 
completes the finish grinding. This is held to 0.00026-inch as 
the flywheel is later located from this dimension and is balanced 
again as an assembly. 

The cranks then go to the engine lathe finishing department 
where the gear fit is cut to length, the flange faced, and the oil 
retainer shoulder finish turned. The oil lines are then drilled on 
a special drill press with cleverly designed jigs that entirely 
eliminate any chance of marring the finished surface unless sub- 
jected to the grossest carelessness. Following this the cranks 
are balanced. 

The final abrasive operation in the manufacture of crank- 
shafts consist of removing the minute marks left by the wheel. 
In some instances the shafts are rotated while the nnn-n and pin 
bearings are finished with fine-grit abrasive cloth held in poUsh- 
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ing clamps. A special machine called a crankshaft bufBng ma- 
chine sometimes is used. It is the usual practice to operate two 
of these machines, one for main and the other for pin bearings. 
The shaft is mounted on offsets at each end so that two pins 
which are in line revolve about a common axis as they are fed 
toward the two wheels with which the machine is equipped. 
A locating device is incorporated which sets the two wheels the 
correct distance apart for finishing any two pins that lie in the 
same plane. After these are finished the shaft is relocated in 
the offsets and the wheels are shifted to finish two more pins. 

The wheels in question are hard Maxican felt, 26 inches in 
diameter and 1 11/16-inch face. They are operated at an approxi- 
mate peripheral travel of 8000 feet per minute. The abrasive 
used is tripoli and in some instances a white buffing compound 
such as Vienna lime is employed. The abrasive is applied to the 
wheels locally. The amount of material removed is of course very 
slight, not over 0.0002-inch and the finish thus produced amounis 
to a high precision polish so that the bearings can be fitted with 
a minimum amount of labor. 

The latest development in the superfinishing of crankshafts, 
however, consists of honing in a special machine called a crank- 
shaft honing naachine. A description of this operation is given 
in Section X. 

Cboss Slids Adjustment 

If the cross slide is not adjusted and oiled properly it wiU 
not feed evenly. This results in the work "jumping in.” This 
is caused by the feed mechanism putting a strain on the wheel 
slide and as soon as it is great enough, the slide gives, causing 
the work to dig into the wheel. This will ruin the work, and in 
rare instances it has been known to fracture the wheel. Thus 
the wheel slide should be kept in correct adjustment and oiled 
at frequent intervals. 

Depth op Cut 

In cylindrical grinding practice, the depth of cut refers to 
the amount the wheel is fed toward the work at each reversal 
of the platen, or of the wheel head, according to the design of the 
machine. Practically all cylindrical grinding machines are 
equipped wiih devices that feed the wheel forward automatically 
at each reversal of the work. On production work, the depth 
of cut must be heavy to expedite the operation. When rough- 
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ing, tile wheel ehould be led in until it sparks heavily. On tool 
grinding operations, however, an abnormal depth of cut is not 
necessary. On any kind'of hardened work, the depth of cut must 
not be deep enough to cause undue heating. In tool room grind* 
ing, the automatic cross feed often is discarded, the operator 
feeding the work in by hand as occasion requires. 

Some years ago, the late George I. Alden originated the 
grain depth of cut theory as applied to the operation of grind- 
ing wheels. Robert J. Spence furnished the following data which 
Iiertains to a test of Mr. Alden’s theory: 

Mr. Alden advanced the theory that the thickness of the diip 
at W S, Fig. 8, as affected by a change of work speed, wheel spee^ 



no. B-HASOinni orun diipth or 

OUT 


work diameter and wheel diameter, is the criterion by which may 
be judged, and regulated, the wheel wear toward the successful 
working of the grinding wheel The thickness of the diip at IF S 
he described as the maidmiiTn grain depth of cut. Among other 
theoretical conclusions he advanced the following: Other factors 
remaining constant; Increase of wheel speed decreases grain depth 
of cut. Similarly, diminishing the diameter of the grinding 
wheel increases grain depth of cut Also, as a related truth, a 
decrease in grain depth of cut makes a wheel appear harder and 
an increase in grain depth of cut makes it act softer. Li a test 
to determine the effect of wheel speed and wheel diameter on the 
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grain depth of cut, the material ground was a bar of machinery 
stedi, 8 inches in diameter and 15 inches long, turned down on 
one end to accommodate a driving dog and to present a traverse 
zone free from shoulder interference. The wheel used in this 
test was alundum, 24 combination grit, L grade, vitrified bond. 
Its orginal diameter was 13 inches, but to meet the conditions 
of the test it was subsequently trued down to diameters of 11 
and 8V& inches, respectively. A narrow wheel face, one inch, 
was used to obtain effective wheel wear. The machines used 
were Norton cylindrical grinders capable of accommodating 
work 10 inches in diameter and 60 inches long and 6 inches in 
diameter and 86 inches long, respectively. Both machines were 
in good condition. The wheel speeds were as follows : 


Size of 

Wheel speed, 

Wheel speed. 

machino 

revolnnons 

surface feet 

inches capacity 

per minute 

per minute 

10 X 60 

1400 

4766 

10 z 60 

1660 

4762 

10 z 60 

1400 

4080 

6 z 82 

1776 

5100 

6 z 82 

2400 

6900 

6 z 82’ 

2400 

5100 


The variation in surface feet per minute for number of 
revolutions per minute was obtained by changing the diameter 
of the wheel. 

Before each test, the wheel was dressed coarsely with a 
diamond, the final pass across the face being one of 0.008-inch 
depth at the slowest table traverse. For reducing the diameter 
of the wheel radically, a huntington dresser was used, followed 
by the foregoing treatment with the diamond. 

The work was run at a speed of 80 feet per minute, using 
three-fourths of the wheel face. This required a table traverse 
of 72 inches per minute. The wheel was fed in at the rate of 
0.001-inch per pass, for 80 passes, giving a total feed of 0.08- 
inch. This feed was used throughout the test. The test was 
started with a 18-inch wheel, it being fed in until the total feed 
had been given. The amount of stock removed from the bar 
was determined by the difference in diameter before and after 
grinding. The difference between material removed and total 
feed gave the wheel wear. Tests with the same diameter were 
repeated for verification. The Spindle belt was then changed 
to another pulley step to give a higher wheel speed consequently 
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requiring a reduction in wheel diameter to i^tain the same 
number of surface feet per minute, to obtain data regarding 
effect of wheel speed the pulleys were again changed, the diam- 
eter remaining constant, and tests made with the wheel run at a 
lower surface speed. By such a manipulation of pulleys and 
diameters on both machines a wide range of surface speeds were 
obtained for one wheel 

The average wheel wear for each wheel speed at the vari- 
ous diameters was as follows: 

Speed in SiM of 

Di&metor snrfacs Wheel ipftcniTie i 

of wheel, feet per wear, lnch« 

minute inches cspsdw 

18 4766 0.0096 10 z 60 

11 4080 0.0120 10 X 60 

11 6762 0.0086 10 x 60 

11 6100 0.0086 6 X 82 

11 6000 0.0066 6 X 82 

8% 6100 0.0116 6 X 82 

The effect of wheel speed is evident in the foregoing. The 
change in speed of the 11-inch wheel shows a decrease in wheel 
wear with increase of speed. These values are shown graphic- 
ally in Fig. 10. 

Regarding the change in the wheel diameter, it will be noted 



PIG. 9— E FFKOT OP A O OKS TAMT ’WH HKL B FB Bm I VATH TBE 
WHBBL TBUED TO THB DIA2CET1IBS GIVBN 


that at the same approximate surface speed the difference be- 
tween the IS and S^^-inch wheels is quite noticeable. These 
values are graphically shown in Fig. 9, where change in diame- 
ter is plotted against variation in wheel wear. The point in 
the curve, to blend in thoroughly with the grain depth of cut 
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UbeoTy, for the 11-inch wheel, should occupy a place lower 
than the 8^-inch wheel and yet higher than the 13-inch wheel. 
The low point in the curve at the 11-inch diameter may sub- 
stantiate, however, to some degree the vaguely expressed thought 
by a few observers that for a given piece of work there is an 
optimum wheel diameter, other factors being in harmony. 

The foregoing results serve to verify the following theoreti- 
cal conclusions: Other factors remaining constant, increase of 
wheel speed decreases grain depth of cut and makes a wheel 



FIG. 10— EFFECT OF A CONSTANT WHEEL DIAMETBB WITH THE 
WHEEL OPBBATED AT VABlOUS SPEEDS 


appear harder. Other factors remaining constant, diminishing 
the diameter of the grinding wheel increases grain depth of cut 
and makes a wheel appear softer. The foregoing constitutes 
a comprehensive report on a grinding wheel test to prove 
the grain depth of cut theory and it offers an excellent exam- 
ple of an outline to follow in reporting tests. 

Ebbor in Grinding 

According to the Brovm & Sharpe Mfg. Co., it is easy to be 
deceived as to the amount of error in roundness when judging 
by the sparks from the wheel. For example, a piece of work 86 
inches long and inches in diameter when in process of 
grinding showed sparks from one side only. Without correct- 
ing the error, the piece was measured with a micrometer. The 
error was so slight that it could not be detected and an indica- 
tor held against it while revolving showed no motion. Anotiier 


77 




THE ABRASIVE HANDBOOK 


experiment was conducted with a hardened steel plug, 1 inch in 
diameter. It first was ground round and straight, tiien care- 
fully measured, replaced in the machine and tiie wheel advanced 
until sparks were just visible. When this amount was ground 
away the work was again measured and found to have been 
reduced in diameter about one hundredth part of one thousandth 
of an inch. The accuracy of work, therefore, must be very 
great when with a suitable wheel and plenty of lubricant, a 
long piece can be ground showing sparks over its entire cir- 
cumference and with such a light cut that they are barely visible. 

Estimating Gsindeb Fboduction 

Attempts to estimate the production of a cylindrical grind- 
ing machine on a speed and feed basis, accord^ to R. E. W. 
Harrison, never have bemi satisfactory as the ratio of metal 
removed is not constant throughout the operation, but is variable 
at the start and finish of the job. This is shown in Fig. 11. 
A parallel spindle 10 feet long and 1% inches in diameter can 
be considered as an example. With no variable present, a grind- 
ing machine working from rough stock could reduce the mate- 
rial at the rate of two cubic inches per minute. The job under 
these conditions would be completed in 20 minutes if the shaft 
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were ground from stock 1% inches in diameter. In actuality, 
however, the wheel cuts slowly during the few first minutes of 
the operation as it is working on eccentric stock to some ex- 
tent. The scale on the stock also slows down the procedure 
appreciably. When the shaft becomes an approximate true 
cylinder, l^e operation can be carried out at the maximum pro- 
ducing capacity of the machine. When the finish size is ap- 
proached, Bay within 0.002 to 0.008-inch, the degree of fiTiiob 
and the accuracy required will slow down the operation. The 
foregoing chart gives the approximate grinding time for ideal 
commercial fine and extra finishes. 

Form Grinding 

Form grinding was developed many years ago during the 
early days of the bicycle industiy when formed wheels were 
used successfully for finishing ball bearing cups and cones. 
Another practice developed many years ago consisted for form- 
ing marble balusters with contour wheels. During the early 
days of the automobile industry wheels with formed comers 
were introduced for finishing automotive engine crankshaft 
bearings. This marked the first step in modem form grinding. 
Today formed wheels are used for a diversity of purposes. Per- 
haps the most practical consists of generating tapers on such 
parts as drill shanks and automobile rear axle ends. In the 
strictest sense of the work word, this may be classed under 
plunge-cut grinding. However, since the taper is a form, per- 
haps the term form grinding is practicable. The shapes gene- 
rated in form grinding must be continuous and uniform for it 
is obvious that sharp comers or undercuts cannot be made. 
The wheel face must be shaped accurately by a diamond gov- 
erned by a template or master cam to generate the desired 
contour. A limitation in form grinding is the depth of the 
“valleys” for it is obvious that if they are very deep the wheel 
face will have a number of peripheral speeds which is not con- 
ducive of good work. 

In considering the ordinary run of work finished by form 
grinding, however, pieces with deep depressions are the excep- 
tion and not the rule, so that the factor of work speed is not a 
serious detriment altiiough experimentation often is necessary. 
As a general rule the wheel must be hard enough to hold its 
comers mid idle work speed adjusted accordingly. 
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Fobmxjlas fob Gbindino 

The following formulaa for grinding were compiled by 
Bobert J. Spence. The necesaary grinding data is given in 
Fig. 12. 


L 



Fra u-OKENDina data 


D = Bough diameter. 
d=: Finish diameter. 

L = Length of portion to be ground. 

N= Number of revolutions per minute (R. P. M.) 

T = Time of cut 

D "f" d 

M = Mean diameter = 

2 

D — d 

G=Depth of cut = 

22 2 

v = 8.1416 or approximatelr 

7 

All dimenslonB are to be measured in inches. 

Formula No. 1 is for finding stock removed per minute in 
cubic inches. 

'd*l «-L 

(D* — d* 

4T 4T 4T 

Problem, to find cubic inches of stock removed per minute. 
Example : 

D — 2/1 midies, d — 2 inches, L := 10 inches, N = 100, T = 4 
minutes, G = .060 inches, M = 2.050 Inches. 

Solution from formula: 

8.1416 X 10 inches — 31.416 
4X4 minutes = 16 
81.416 -r- 16 — 1.968 
2.1 X 2.1 = 4.41 
2X2 = 4 
4.41 — 4 — .410 

1.968 X -410 inches = 0.806 cubic inches per minute. 
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Formula No. 2 for finding stock removed per minute in cubic 
indies. 


»MLC 


T 

Problem, same as the foregoing. Solution from formula: 
8.1416 X 2.060 = 6.44 
6.44 X 10 — 64.4 
64.4 X .060 - 8.22 
8.22 4 = 0.806 cubic inches per minute. 


Formula for finding the approximate amount of stock re- 
moved per minute, using 22 as 

T 

irLDC 


T 

Problem same as preceding. Solution from formula. 

22 X 10 inches X 2.1 inches X >060 

s= .826 cubic inches per minute. 

7X4 min. 


Formula No. 1 for finding the cutting speed or work surface 
speed. 


NM' 


12 


Problem: To find the cutting speed of a piece of work of the 
dimensions given above: 

Example : 

N — 100 R. P. M., M — 2.060 inches. 


Solution: 


100 X 2.060 X 8.1416 — 644 
644 12 — 64 feet cutting speed. 


Formula No. 2 for finding the cutting speed or work surface 
speed. 


N (D -h d) X 181 
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Example: 

N — 100 B. P. M. D == 2.100 inches d == 2 inches. 
Solution : 

D + d 4.100 inches 
100 X 4.100 X *131 — 64 feet, cutting speed. 

Formula No. S: 

N X M X -262 
Problem: Same as above. 

Solution ; 

100 X 2.060 inches X 0.262 = 64 feet cutting speed. 

Table traverse is most often expressed in inches per minute. 
Formula : 

N X overlap of wheel face in inches. 

Problem: Find the table traverse of a machine grinding the 
piece of work in the preceding example. 

Example: 

N — 64, 2 inches = advance of table per revolution of work. 
Solution: 

64 X 2 inches ■- 108 inches table traverse per minute. 
Formula to use in calculating when to change to small 
spindle-pulley on Norton plain grinding machines: 

Problem: To calculate (when a grinding wheel has become 
worn to a smaller diameter) the correct diameter at which to 
change from the large spindle-pulley to the amall spindle-pulley 
so as to again bring the surface speed on the wheel periphery 
to 6600 feet. ' 

Let D = diameter of wheel, full size. 

Let d diameter of wheel, reduced size. 

Let S diameter of large size spindle-pulley. 

Let s = diameter of wriftn size spindle-pulley. 

Let N = B.P.M. of spindle, using large pulley. 

Let n — B.P.M. of spindle, using small pulley. 

Formula : 

SN 

— n 

B 

and 

DN 

n 
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Example: 

The wheel on a 6-inch Norton plain grinding ma(diine has 
become worn to a diameter of 10 inches. Is it safe to change 
the spindle-belt on to the small diameter spindle-pulley? 

Solution: 

The R.P.M. of the spindle with the belt on the large spindle- 
pulley is 1778. A new grinding wheel of 14-inch diameter has 
a surface speed of 6600 feet. The large spindle-pulley is 
5^-inch diameter and the small spindle-pulley is 4 inches. 

Then by formula : 

6.6 inches X 1778 R.P.M. 

=2488 

4 inches 
and 

14 inches X 1778 E.P.M. 


2488 

10 8/16-inch diameter of reduced size wheel at which to change 
from large to small spindle-pulley to again obtain a surface 
speed of 6600 feet. 

The following data pertains to Norton grinding machines 
with 8, 6, 10 and 14-inch swings. 


A 

B 

c 

D 

E 

P 

6 

8 

4 

2% 

2,485 

8,976 

10 

6^4 

6 


4 

1,778 

2,488 

14 

10* 

10 

7% 

6 % 

1,380 

1,646 

18 

16^4 

14 

9 

7% 

1,241 

1,493 

20 

16% 


A — Size of machine, swing in inches. 

B — ^Diameter of large spindle pulley, inches. 

G — ^Diameter of smaU spindle pulley, inches. 

D — Spindle speed, R. P. M., with belt on large spindle pulley. 

fi — Spindle speed, R. P. M., with belt on small spindle pulley. 

F — Diameter of grinding wheel, when new, inches. 

G — Diameter of grinding wheel, inches, with belt on small spindle 
pulley to obtain 6600 feet per minute surface speed. 

Multiple Wheel Grinding 

The so-called multiple wheel method of grinding consists of 
mounting two or more wheels on one arbor with the object of 
fin ishin g more than one surface in a given operation. Thus 
in Fig. 13 two wheels are arranged to grind two different diam- 
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na U— GBIMDIMG TWO tmXiSStR 
AT< OHa aNTINO or TBH WOBE 


eters on a steering knuckle. In many instances, multiple wheel 
grinding doubles the output of the machine and releases the 
operator for other work. For the purpose of comparing the old 
and the new methods the following data are given: 


Uachine cost ......$2,000.00 

Honrljr wage .60 

Honriy OTarhead 90 

Yearly depredatloii, per cent 10 

Interest in investment per cent 6 


The results of a four week’s comparison of the single and 
multiple whed method of grinding are given: 



Fia l^-riNISBlKQ THRSB SUBTAOBS 
AT ONOB 
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OLD METHOD— TWO MACHINES 


Wacm $240.00 

Overhead ...................................... ........ .......... 260.00 

Interest, ete. 49Ji6 


Total $649.26 

NEW METHOD-ONE MACHINE 

Wages ... $120.00 

Overhead 180.00 

IntereBt, etc. 24.62 


Total 






824.62 


In the production of the steering knuckles illustrated above 
an average of 80 per hour were ground, removing 0.016-indi of 
material with a tolerance limit of 0.0005-indli. In the example 
shown in Fig. 14 three surfaces are ground simultaneously on 
a steel bushing. The illustration is self explanatory. 




rjE- 



FZG. l^BBPBESBZfTATIVB PART THA T CAN BE FINISHED READILY BY ICtTL- 
TIPI^WHEEL GRINDING 

Another part that successfully combines the grinding of 
a taper and a straight diameter is shown in Fig. 15. The straight 
diameter is 0.249-inch, -f 0.000, and — 0.0005-inch, ^-inch long, 
and the taper is 5/16-inch long and is held to a tolerance of 
-t- or — 0.010-inch from surface A. This part was originally 
ground on two machines which produced 118 shafts per hour. 
This grinding is now done on a 6 X 82-inch Norton type A belt 
drive machine mounting two 14 X 7/^6 X 5-inch, 6624 combina- 
tion grit, M grade, vitrified aluminum oxide running at 1870 revo- 
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lutlons per minute. A work speed of 250 revolutions per minute 
is used. Production by the twin wheel method is 200 shafts per 
hour removing 0.015>inch of stock. For truing the wheels used 
on the distributor shaft a wheel forming device is used instead 
of the multistop index. This device indudes a form bar which 
is made so that the shapes trued on the wheels bear the correct 
relation to each other. To further fadlitate this truing opera- 
tion the wheel truing device mounted on the wheel guard has bemi 
devdoped. The path of the diamond is governed by a forming 
bar. The diamond is traversed across the wheels by an electric 
motor moimted on the rear of the guard. Another novel feature 
of this attachment is that the water is directed upon the wheels 
inside of the guard. This does away with much of the spray 
ordinarily present. 

Various parts have been ground by this twin wheel method 
but latest developments indicate that this method of grinding 
can be applied to crankshafts. Production men in general will 
be interested in the results obtained in grinding the center pair 
of pins of the Ford crankshaft. The marfifnA is a regular Nor- 
ton type B crankpin grinding machine with the pot chudc equip- 
ment regularly made for single wheel grinding. A special wheel 
guard and wheel sleeve on which are mounted two wheels with 
spacing collar between to give the correct dimenaio n are required. 

Experience in grinding these shafts recommends a pair of 
26 X 1^1^ X 12-inch vitrified aluminum oxide wheels running at 
approximately 6600 surface feet per minute. The work is rotated 
at about 98 revolutions per minute. Finish gndnding, removing 
0.060-inch of stock on the diameter, was accomplished in 60 sec- 
onds actual time or 1% minutes per shaft including handling. 
The limits held were standard to 0.002-indi minus. Only one two- 
bearing steadyrest, located opposite the outer wheel, is required. 
An indicating gage is mounted on the wheel guard and measures 
the inner pin. The twin wheels hold size very well, averaging SO 
to 86 shafts per dressing. Previous practice using a single wheel 
moving from one pin to the other finish grinds 22 shafts per hour 
on the inner pins or 2.7 minutes per shaft. This shows an in- 
crease in production per machine of about 80 per cent 

The machine is equipped with regular wheel feed, but for 
this grinding operation a lever feed is used that moves the wheel 
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back about %-inch in an 80 degree movement of the lever. 
This fast movement of the wheel slide gives the extra clearance 
necessary for the rapid handling required in high production. 

Flungb-Gut Grinding 

A term applied to grinding when the work is fed directly 
to the wheel without traversing. The practice originated some 
years ago in roughing out work. Today it is used extensively 
for both the rough and finish grinding of parts. The widtii 
of wheel is limited at the present time to approximately 12 
inches. Plunge-cut grinding cannot be carried out succes^ully 
on machines of frail construction as chattering would result. 
Special machines have been designed for this purpose. They 
are used extensively in automobile manufacturing plants. 

Ribbon Grinding 

This is a term used to describe an abnormal grinding method 
discovered by accident many years ago. In the operation of a 
cylindrical grinding machine, if the work speed is very slow 
and the depth of cut deep, the metal leaves the work in the form 
of a ribbon-like chip as wide as the wheel face. This phenomenon 
has been investigated thoroughly and results of careful tests 
have shown that when the power required for driving, together 
with the abnormal wheel wear are considered, the method is not 
productive of economical results. 

Sizing of Work 

Grinding machines are equipped with automatic cross feeds 
and appliances for throwing out the feed when the desired 
diameter is reached. It is the usual procedure to set ihe ap- 
pliance after one or two pieces have been ground. By this 
means the work will not be finished undersize as wheel wear 
results in making the work oversize. Thus it must be cor- 
rected by setting the wheel in from time to time. Grinding gages 
are very handy to use in sizing work as they show the operator 
the progress of STinding at all times. Care should be exercised 
in handling these gages as they are sensitive instruments. With 
due care they last indefinitely and they can be depended on to 
give firood results. They are used extensively where large runs 
of production work are made. 
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TJkPm Grinding 

Aside from the taper grinding operationB eiqplained under 
the heading of universal grinding liie plain grinder can be 
used for external tapers within certain limitations. 

The work is hdd between centers in the usual way and the 
taper derived by setting over the swivel platen. The amount 
tile platen can be set over determines the taper that can be 
ground. Tapers also are ground by the wide wheel or plunge- 
cut method. In tbia case the wheel can be provided with a 
taper face by means of a special truing device, or the whed 
face can be straight and the swivel platen set over. 

Tbaybbse Feed 

A term used in cylindrical grinding practice to refer to the 
longitudinal progress of the work in relation to its rotation. 
In roughing operations the work should traverse very nearly 
the width of the wheel for each work revolution. Thus if a 
wheel with a 2>^-inch face is used, the work should traverse 
for each of its revolutions about 2^ inches. It is understood 
that heavy, rigid machines are necessary to take advantage of 
wide traverse feeds. In finishing operations, the traverse feed 
is stepped down somewhat so that the work advances from % 
to ^ of the width of the wheel face for each work revolution. 

Uneven Spabeino 

In cylindrical grinding operations, especially when rough- 
ing out wor^ it often is noted that the wheel suddenly begins 
to spark heavily and imevenly. This is not the fault of the 
machine as it is generally caused by the internal strains in the 
work adjusting themselves as stock is removed. This condition 
corrects itself automatically. All that is necessary is to pro- 
ceed to grind without further cross feediog un^ the work 
sparks very slightly. Then the work can be fed in again 
a slight amount. One or two cuts probably will be sufficient 
to bring the work round again. An error of less than 0.0001- 
inch win cause the wheel to spark unevenly. Dirt in the centers 
also is a cause of uneven sparking. The remedy is to dean out 
the centers before the work is mounted in the Tnaftbiwa 
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Univebsal GBncDma Fbacticb 

UniverBal grinders are used on both tool-room and pro- 
duction work. The following examples show how such machines 
can be arranged to handle a number of interesting operations. 
These illustrations were furnished b7 the Brown & Sharpe Mfg. 
Co. When finiaTiiiig ' ordinary cylindrical work, the operation of 
the madiine does not differ from that of a plain grinder; that 
is, the work usually is dogged on one end and rotated between 
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dead centers. The headstock swivel base is set so that the work 
spindle is in line with the platen travel and the machine is set 
to grind the work straight by setting over the upper or swivel 
platen. On first tiiought, it would appear that if the gradua- 
tions on the headstock base and those on the swivel platen were 
set at zero, the machine should grind straight without further 
adjustment. This is true in theory but in actual practice it does 
not work out as a slight amount of dirt under the head or tail- 
stock will alter the setting. Any toolmaker knows that if the 
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tailstock of an engine lathe is moved, it will not turn straight 
work without resetting and the same holds true with a grind- 
ing madiine. 

Fig. 16 shows how the machine is arranged for internal 
grinding. The wheel platen is reversed, the wheel spindle re- 
moved and the coimWshaft, L, is substituted. The internal 
grinding fixture is bolted to the front of the wheel platen. The 



bdts should run in the same direction and the wheel spindle 
and work should rotate as shown by the arrows. The counter- 
shaft, L, is driven from the overhead countershaft by a belt on 
the pulley, M. An interesting job on internal grinding where 
two angles are generated at one setting of the work is shown 
in Fig. 17. The swivel platen is set over five degrees which 
generates a 10-degree included angle in the body of the piece. 
The 46-degree angle is obtained by setting the wheel platen over 
40 degrees which with the five degrees overset on the swivel 
platen generates the necessary angle. The ‘line of motion” in 
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the illustration can be set to include any angle from 0 to 90 
degrees. It is a valuable feature of ^e universal grinding 
twAffiiitiA and one that always is not utilized to the fullest extent. 
In general, the work is held in a chuck screwed to the spindle 
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nose when performing internal grinding on a universal machine, 
although there is no reason why the fixtures used for internal 
grinding cannot be used on a universal machine, should neces- 
sity warrant. On Fig. 18 is shown a universal machine arranged 
to finish the side of a piece. Such an operation consists of 
face grinding work that is held between centers. It is accom- 
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pliflhed by locating a special shape wheel on the end of fhe 
spindle so that the wheel face can be fed past the face of 
the work by the cross feed. The wheel mounted on the end 
of the spincUe is handy for a number of special grinding opera- 
tions. 

How the grinder is arranged for finishing an external 
taper is shown in Fig. 19. The work in this case is held between 
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centers and driven by a dog from the face plate. The degree 
of taper is obtained by setting over the swivel platen. In Fig. 20 
is shown the machine arranged to grind an abrupt taper. In 
this case it is necessary to set the wheel platen over, as the 
iUustration shows, to generate the desired angle on the work. 
The machine arranged for grinding two external tapers at one 
setting is shown in Fig. 21. As in the example of internal 
grinding previously cited, the swivel platen and the wheel platen 
both are set over to generate the necessary angles. A recessed 
wheel is used sometimes for facing work as shown in Fig. 22. 
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In this case the part to he finished consists of a steel bush- 
ing. It is located on an arbor in ilie usual way and the grind- 
ing is performed by utilizing the side of the wheel. Centers on 
universal grinding machines are ground, as shown in Fig. 28, 
by setting the headstodc swivel over to an angle of 80 degrees. 
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Various other angular jobs can, of course, be performed in the 
same manner by using special fixtures for locating and driving 
the work. 

By setting the spindle of the headstock at an angle of 
90 degrees with the platen, as shown in Fig. 24, various face 
grinding operations can be performed. In this case the work 
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is located in a 4-jaw chuck screwed to the spindle nose. For 
handling various jobs of face grinding, cutters, disks, etc., the 
appliance shown iu Fig. 26 can be used to advantage. It fits 
the headstock spindle and consists of an expanding boshing, C, 
which is expanded by the member, B. This part is drawn back 
by turning the handwheel, A. The work locates against the 
face plate. The universal grinder can also be utilized for a 
diversity of mining cutter sharpening operations. For conven- 
ience, the smaller size grinders generally are used. On Fig. 26 
is diown how an ordinary milling cutter is arranged for sharpen- 
ing. It can be held on an arbor between centers, or on a stub 
arbor held in the headstock spindle. A wheel is located on the 
spindle and the guiding finger set under it Further data on 
cutter (fiiarpening are given in Section Vm. Another ^e of 
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universal grinding machine, sometimes called a full universal 
grinder, aside from performing the operations here cited can be 
arranged for surface grinding also. This is accomplished by 
locating the grinding wheel spindle at right angles with the 
platen and providing means for raising and lowering the wheel 
to control the depth of cut. 

Use of Backrests 

Backrests diould be used on cgrlindrical grinding machines 
in grinding long, comparatively slender pieces. A good -rule 
is to use one backrest to each foot of work on approximately 
one inch in diameter. The object of using backrests is, of 
course, to overcome chattering by reducing vibration. Back- 
rests are of two general types, plain and universal A plain 
backrest has no spring action to keep the dogs in contact with 
the work, while a universal one is equipped with these mem- 
bers. In locating the backrest, it is a good plan to feed in the 
wheel, adjusting the dogs or shoes at the same time. By taking 
a light fiTiiabing cut the work can be brought round in this 
maimer. Once supported by one or more backrests, deep cuts 
can be taken which would be impossible were the work free 
from center to center. Backrest shoes are wood, bronze, hard 
steel etc. The kind of material to sdect often is a matter of 
some judgment. Of hard steel it can be said that it will not 
fill with chips that cause scratches. Bronze is a favorite mate- 
rial as it does not scratch the work, while wood also is preferred 
for the same reason. 


Use of Ltjbbicant 

Use plenty of cooling solution when operating a plain or 
universal grinding machine. This applies particularly to pro- 
duction grinding. The type to use is a matter of judgment in 
many cases. It should be delivered to the work in a copious 
stream over the point of grinding contact. 

Wide Wheel Grinding 

This is another term applied to plunge cut grinding and 
sometimes to form grinding. It is used extensively in the auto- 
mobile manufacturing industry. 
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Wobk-Locatino Devices 

In general Qrlindrical grinding practice, the work is located 
between two dead centers and is driven by a dog clamped on one 
end. Under ordinary conditions, this method is productive of 
good results if the piece is of such shape that two finished diam- 
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eters are desired, or if the dog can be placed over a section that 
does not require grinding. Often, however, it is necessary to 
grind one diameter on the entire length of the piece. Under 
these conditions, the ordinary dog is not productive of efficient 
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results as the piece has to be dogged twice during the grinding 
operation. This results in a loss of time and under some con- 
tions in the production of inaccurate work. 

In grinding work of one diameter only, excellent results 
can be derived with the work driving device illustrated in Fig. 
27. This appliance embodies a slotted driver, A, that is actuated 
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by the drive pin on the headstock face plate. Two pins, B, fit 
holes in the end of the work, while the driver rotates over a 
special dead center, C. It locates against a shoulder at one 
end, while two check nuts, D, take up the end play and keep it 
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in place. When it is necessary to regrind the center, the two 
pins, B, should be driven in so that they will not bottom in the 
holes in the work before the center in the piece brings up against 
the grinder center. 

Another device operating on a similar principle also is 
shown in Fig. 28. In this case the work is slotted at one end 
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to accommodate the steel projections, A. The square centers 
shown in Fig. 29 also are used extensively. In using this device 
it is, of course, necessary to broach square the center hole in 
the work to accommodate the square center. This operation is 
performed readily with a hand-driven broach or under a power 
press. The square center. A, fits over a special center, B, and 
is rotated by the driver, C, which, in turn, is driven by the 
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face-plate pin. End thrust is taken care of by the fiber washer, 
D, while the screw, E, fits in a groove to prevent the device 
from coming apart. A center of this kind must be made ac- 
curately and the internal diameter of the hollow center, A, and 
the external part of the center, B, should be finished by grinding 
to insure a good fit If the parts fit loosely it is evident that 
accurate work cannot be ground. If the parts are hardened 
and fini^d by grinding, however, the arrangement will give 
good results. 

Two driving centers of another type also are illustrated. 
The upper illustration. A, Fig. SO, is a Uve center equipped with 
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two adjustable pins held in place with set screws put in from 
opposite sides. These pins fit holes drilled in the end of the 
work. A square live center is shown at 5. These devices accom- 
plish the desired results, but in using them it is necessary to 
rotate the headatock spindle which results in unnecessary wear. 
Again, such devices can be used only on universal grinding ma- 
chines as the ordinary headstock on the plain grinder is not 
equipped with a rotating spindle. 


The qmdi-acting dog shown in Pig. 31 was designed to 
reduce the time necessary to locate an ordinary driving dog in 
plMe. It embodies a body. A, and a clamping member, B, that 
m driven by the face-plate pin, C. The tail of the clamping mem- 
her IS eccentric with its fulcrum so that when pressure is 
brought against it by the driving pin, the lower end of the damp 
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bears against the work with sufficient pressure to rotate it posi- 
tively. 

The clamp is tool steel, spring tempered, while the body is 
machinery steel, case-hardened. The clamp tail is split and 
before it is tempered, the ends are spread apart slightly. Thus 
this member always is a snug fit in the body. This is necessary 
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to hold it in position against the work before pressure is brought 
to bear by the action of the driving pin. The body. A, is pro- 
vided with two fulcrum pin holes so -Uiat by moving the damp 
from one to another, several sizes of work can be accommodated. 

When grinding large work, say 2^ inches in diameter and 
over, the piece can be driven as indicated in Fig. 82. As the 
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illustration shows, a hole is drilled in the end of the work to 
accommodate a driver. A, that is carried by a bracket, Bt which 
is fastened to the grinder face plate by two bolts, D. Such an 
arrangement is simple to construct and it will give good results 
if it is proportioned heavily enough to rotate the work satisfac- 
torily under a deep cut. 

The shape of the piece to be ground can often be utilized 
to advantage in locating the work. The stud shown in Fig. 88 
is made with a flattened head which permits the driver, B, to be 
used. The driver is fastened to the face plate, C, and a slight 
clearance should be allowed between the work and the driver. 

When grinding square or hexagon-head bolts, such as auto- 
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mobile king bolts, the driver illustrated in Fig. 84 can be used. 
The driver. A, is furnished 'with a hexagon hole slightly larger 
than the head on the piece. Heavy cuts can be taken while using 
'this driver as no amount of pressure can force the driver and 
ihe work apart. The driver is fastened directly to the grinder 
face plate by Ihe stud, B, whidi permits the part, A, to float 
and adjust iteelf to the work. 

Sometimes pieces are designed as shown in Fig. 35, with a 
lever at one end. Such work is located readily for grinding, it 
being necessary only to bring the lever end against the face- 
plate pin. The pin must be comparatively short, however, to 
avoid striking the wheel when grinding dose to the shoulder of 
ihe work. It is necessary to provide a special center to grind 
the lever shown in Fig. 86 as 'this piece is offset 

Sometimes work is ground between female centers, as shown 
in Fig. 87. The object of this procedure is to take advantage 
of the shape of the work, or to finish pieces by grinding that 
require square ends without center marks. In Fig. 87, the work 
is driven by a square live center. After the outside diameter 
is ground, the ends are finished flat in another operation. Where 
it is necessary to grind pieces with no center marks, however, 
the work can be handled to advantage on a centerless grinder. 

Special centers, as shown in Fig. 88, are used for grinding 
tubing. The centers are made with a 60-degree angle, the tub- 
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inff being centered slightly at eadi end. When it is necessary 
to grind the tabing for its entire length at one setting, a pin is 
located in the center, as shown at A. This pin fits in a slot 
milled at the end of the work. 

Bushings, rolls and other similar pieces are located on 
arbors .for grinding. A handy grinding arbor for finishing 
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ordinary cam rolls is shown in Fig. 89. This arbor is pro- 
vided with a driver to engage the face-plate pin so that a dog is 
not necessary. Sometimes difiiculty is experienced in keeping 
the hole and the outer ground portion of the work concentric. 
An ordinary arbor is tapered so that it can be forced into the 
work. U the taper is too abrupt or if the hole is comparatively 
long, the setting may be faulty as shown in Fig. 40. This illus- 
tration is exaggerated to show the principle. The arbor bears in 
the work at one end only so that the true relation between the 
hole and the outer diameter of the work cannot be maintained. 
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Under grinding pressure, the location at the small end of the 
arbor would change constantly, malang accurate results impos- 
sible. In grinding work on arbors, it is a good plan to try the 
work, end for end, leaving it in the position that permits it to 
pass over the arbor for the greatest distance. Thus, if the hole 
in the work is tapered slightly (which often is the case) the two 
tapers make an approximate fit. 

A practical arbor for comparatively long work is illustrated 
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in Fig. 41. This arbor is straight at A for locating the work 
accurately, while a tapered portion, B, is provided for gripping 
the work. The straight part acts as a pilot to keep the hole 
and the outer diameter of the work concentric. It is obvious 
that the pilot should fit the hole in ibe work closely. Otherwise, 
the device is of little value as far as accurate results are con- 
cerned. Thus, in grinding work where liberal allowances have 
been permitted for the bore diameter, three or four arbors, vary- 



ing slightly in diameter, should be provided to take care of the 
various sizes that come within the plus and minus limits. 

The special arbor shown in Fig. 42 is used for finishing tubu- 
lar parts such as automobile engine piston pins. This arbor is 
equipped with a tapered shoulder at one end and a nut at the 
other end for holding the work in place. The pieces to be 
ground must be countersunk at an angle of 46 degrees to con- 
form to the angular portions of the arbor. When the nut is set 
up, the work is held in place securely. Such an arbor can be 
equipped with a driving pin to dispense with the ordinary driv- 
ing dog. 

Cam rolls and similar parts often can be handled to ad- 
vantage in the grinding operation by locating a number of them 
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simultaneoiuslsr on a work arbor as shown in Fig. 48. It is fur< 
nished with a collar at one end, made integral with the body, 
and a nut at the other end which is flattened to accommodate 
a wrench. When the nut is set up, the parts are held securely as 
one unit. In finishing rolls by this method the first operation 
should be to surface-grind the sides. Next, the rolls are located 
for internal grinding, the outside being finished last. 

Judging by its form, it would seem that an ordinary twist 
drill would present difilcult grinding problems. However, this is 
not the case. The tang end of an ordinary taper-shank drill 
can be located in the simple driver shown in Fig. 44, which is 
bolted to the grinder face plate. In this illustrationK A is the 
driver, B the drill tang and C the headstock center. The other 
end of the drill locates in a female center in the tailstodE. In 
grinding the tang, the drill end is located between two drivers 
as shown in Fig. 45. In this illustratioii, AA are the drivers, 
B the drill end and C the female center necessary for locating 
the drill end. The two foregoing devices are simple to design 
and construct and excellent results can be obtained from their 
use. 

Special driving devices generally are employed for locating 
automobile engine pistons for grinding. In Fig. 46, the inside 
of the piston skirt is tapered slightly so that it fits over tlm 
driver. A, which is screwed onto the headstock spindle nose. The 
piston is rotated by the driver, B, which is positioned to bear 
against one of the piston-pin bosses. The piston is held against 
the fixture by the tailstock center. 

Another piston grinding fixture is shown in Fig. 47. The 
driver. A, is screwed to the spindle nose, while the piston is 
held in place against the driver by the rod, B, which passes 
through the piston-pin holes and a hole in the drawn-in rod, C. 
This rod passes through the headstock spindle and it is set-up 
with a hand wheel. For location on this fixture, it is necessary 
to finish the inside of the piston skirt so that it will fit in place 
readily. This fixture possesses the advantage of dispensing with 
the use of the tailstock center. 

Great care should be exercised in grinding the outside diam- 
eter of piston rings as they must present a true circle when 
assembled in the cylinder. If they do not fit properly, they will 
not be gastight which will result in poor compression. Before 
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the outside diameter is finished, the sides should be ground on 
a rotary chuck grinder so that they are parallel. For grind- 
ing the outside diameter of several rings simultaneously, the fix- 
ture shown in Fig. 48 will give good results. The body. A, screws 
onto the headstock spindle nose, the six rings, B, being held in 
place by a split damp or U-washer, C. This washer is held in 
place by a quick-acting clamp, D. The rings are hdd in the 
correct location by the boss, E, on the body, A. When eccentric 



no. 49— DBmDB FOB GBINSIMG ADTOUOBIUB VALVSB 


rings are required, this boss must be eccentric with the body. 
For concentric rings, however, the boss and the fixture body are 
concentric. The piston rings are ground on the outside while 
sprung together. Thus, when in use, they hug the cylinder wall 
and prevent the escape of gas. To locate the rings in place on 
the fixture, the device shown at F is used. This is a spring- 
steel damp, wide enough to accommodate six rings and it is 
provided with two handles, G. When the handles are compressed 
over the rings after they are in place on the fixture, they can 
be held in this position while the damp, D, is set-up. In use, 
this fixture gives good results as far as production time is con- 
cerned as the time necessary to unload and load it and to start 
and stop the grinder should not exceed 16 seconds. 

Auto engine poppet valves can be ground rapidly if proper 
fixtures are provided for holding them. The first operation gen- 
erally consists of finishing the stem and Fig. 49 illustrates a 
quick acting fixture for this purpose. The valve, A, locates in 
^e holder, B, which is slotted to acconunodate Ihe wedge, C. 
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This wedge is provided with a slot, D, through which the special 
Center E, passes. The work, therefore, can be located readily 
between the grinding machine centers. It will be noted that 
the wedge, C, is made long enough to bear against the •f nc e- 
plate driving pin, F. 

The fixtures shown in the following illustrations were de- 
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signed by Roy E. Sender. The device shown in Fig 60 is for 
finding string balls, king bolts, etc. The device eliminates 
the ^ter hole usuaUy required. It also can be used in the 
^nding machine tailstock for locating the ball end of the piece 
shown m position in Fig. 61. In this case the dog is placed 
over the threaded part When grinding king bolts, etc., as 
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shown in Fig. 62, the hexagon head on the piece locates in six 
grooves, J, while the center is dogged on the outside diameter at 
K. In the upper illustration, the bell mouth, A, is provided with 
a long bearing, B, on the body, C. A thrust bearing also is pro- 
vided at D. Felt washers, E and F, exclude dust, while the left- 
hand thread, G, prevents grit from working into the bearing. 
Hole, H, is for lubrication. Its outer end is closed with a small 
screw tapped into place. The bell mouth part. A, and the body. 
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B, are machinery steel case hardened and ground accurately to 
size. 

The pin-gage grinding fixture shown in Fig. 68 produces 
spherical and conical points at one setting of the work, while 
the pieces can be ground readily to close limits, leaving from 
0.0001- to 0.0008-inch for atoning of lapping to actual size. The 
fixture is placed between the grinding machine centers, the shaft, 
A, being dogged in the usual way so that power is transmitted 
from the grinder headstock through the miter gears, B and D, 
to the hollow spindle, E. The gears are located by set screws, 

C. The shaft, E, is fitted with a spring, F, which operates in a 
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taper seat so that when it Is screwed down the work is hdd 
firmiF. Collets of several sizes can be provided. 

With the work rotating, the operator grasps the fixture and 
feeds the work and wheel together until a slight grinding con- 
tact is made. It is advisable to use a fine traverse feed in this 
operation to avoid wearing a groove in the wheel face. Bj giv- 
ing l^e fixture a rocking motion a true spherical surface is gene- 
rated. Both shafts are equipped with ball thrust bearings to 
reduce friction, while the left-hand thread, C, on the shafts A, 
just ahead of i^e thrust bearing, acts as a wiper to prevent grit 
from working into the fixture. The fixture body is cast iron 
while the shafts. A, H and E, are steel, case-hardened and fin- 
ished by grinding. The collet, F, also is hardened and ground. 
As the end view shows, the appliance is equipped with a sheet 
metal cap on each side to exclude dust. 

WoBE Speed 

Of all the factors influencing rapid production in cylindrical 
grinding, the work speed is the most important. A fast work 
speed means a fast traverse which of course expedited produc- 
tion. Let it be assured for an example that a wheel in an 
alumina abrasive is used for rough grinding soft-steel shafts, 
18 inches long and 2 inches in diameter, removing 0.2-inch of 
material The first step is to see that tibie work is backrested 
properly. Such a piece should be supported by at least one 
backrest, while two might give better results. Let it be assumed 
further that the wheel is 24 combination grit and medium grade. 
The first question the average operator would ask is how fast 
should the wheel be operated. That depends on its size to some 
extent and on other conditions such as the work speed and depth 
of cut to a greater extent. 

Assume that the wheel is 18 inches in diameter and 2 
indies wide. Its spindle speed will of course, determine its 
peripheral velodty and this can be anywhere from 6000 to 7000 
feet per minute. It is safe to begin the investigation by operat- 
ing the wheel at a normal peripheral travel of 6500 feet per 
minute. Then set the traverse feed so that the work 
advances approximately 1% inches for each of its revolutions. 
Thus the work will pass the wheel face in a spiral, the ends 
of which just overlap. In beginning the test, feed the wheel 
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into the work as much as it will stand. The pulling power of 
the belt determines the depth of cut. It now is time to watch 
the results. Suppose the test was started with a normal work 
speed of approximaely 20 feet per minute. Increase the work 
speed gradually because as the work speed is increased the 
traverse advances also. 

Perhaps the high work speed will cause the wheel to wear 
away too rapidly, and to the extent of not holding its shape. 
The most natural thing to do is to reduce the work speed. Also 
this is the most illogical procedure, for witii tiie work speed 
reduction, production is lowered. Instead of reducing the work 
speed. Increase the wheel speed. This will make the wheel act 
harder and cause it to hold its shape. The condition to strive 
for is to use as fast a work speed and as deep a cut as possible, 
regulating the wheel speed to conform with these factors. The 
work speed and the traverse feed should be increased until a 
safe reversal limit for the feed mechanism is reached. If a new 
wheel appears soft at a surface speed of 6500 feet per minute 
it is better to substitute a harder grade than to increase the 
spindle speed. Wheel speed, depth, of cut, and traverse feed all 
must be considered together, but the work speed should be set as 
high as possible and other conditions made to conform to it. 
A wheel that necessitates a low work speed is not economical as 
it slows production. The fact must not be overlooked that deep 
cuts and heavy feeds require hard wheels or high peripheral 
speeds. For example, wheels now are used successfully a full 
four grades harder than formerly was thought possible for 
roughing-out such parts as camshafts and crankshaft bearings. 
The same rule applies to ordinary cylindrical grinding to a 
great extent, as the foregoing reveals. 

Where the amount of work passing through the grinding 
room warrants it, the best plan is to divide the grinding opera- 
tions into roughing and finishing, performing each one on a 
different machine, or at least with a different wheel. Where one 
wheel is used for both roughing and finishing, production speed 
sometimes must be sacrificed to obtain the desired finish. 

The fact also must be borne in mind that the diameter of 
the work influences grinding conditions. For example, the 
conditions that may prove satisfactory in roughing-out work 2 
inches in diameter may not prove economical if the work diam- 
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eter were Increaeed to 4 inches. This is because the greater 
diameter of the work increases the arc of grinding contact which 
will make the wheel act hard. The remedy is to reduce the 
whed speed. 

Rough grinding of work without table traversing generally 
is productive of economical results. In this case the work is 
fed directly to the wheel without traversing until the diameter 
has been reduced to within 0.002-inch of the finish size. The 
work is then moved along almost the width of the wheel and 
another cut is taken, and so on until the entire piece is rough 
ground. The system is effective, but it involves work on the 
operator’s part so that some grinders are not enthusiastic over 
the method. Its merits, however, are worthy of investigation. 

The manner in which the wheel is dress^ has much to do 
with the economy of a rough grinding operation. Its surface 
should be sharp and open. The desired suiifface can be generated 
with a diamond tool fed across the wheel face with a fairly 
rapid motion or with a mechanical dresser designed for this 
purpose. A dull wheel will not take heavy cuts under any 
conditions. 

In considering the rough grinding of cylindrical work the 
following factors should be kept in mind: 

1 — ^The work speed must be as fast as possible, as it is the 
most important factor affecting the output 

2— The traverse feed mxist be nearly as wide as the wheel 
face for each revolution of the work. 

8 — ^If a wheel glazes, attempt to overcome the difiSculty by 
increasing the work speed instead of reducing the wheel speed. 

4 — ^If the work speed and traverse speed are as fast as 
consistent with reasonable limits and the wheel glazes, reduce 
its speed. 

6— If the wheel wears out too fast, that is, if it does not 
hold its shape, do not reduce the work speed — ^increase the wheel 
speed instead. 

6 — ^Proceed on the principle that a high work speed must 
be m aintai n ed under all conditions and regulate other factors 
if possible to conform to this. 

7— If the design of the machine wiD not withstand a fast 
work traverse in roughing, resort to feeding the wheel directly 
to the work instead of reducing the work speed and traverse. 
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In ordinary cylindrical grinding practice, the grinding 
wheel and the work are rotated in tiie same direction so that 
the work speed is positive. 11, however, the work be rotated in 
the opposite direction a s(M»lled Tiegaiive work speed results. 
For many years it was thought that a negative speed was not 
productive of economical results, although it was occasionally 
used, especially in the operation of tool-post grinders. Many 
"old timers’* maintain that a negative work speed reduces the 
tendency of the work to diatter, but this theory is open to excep- 
tion. Centerless grinding machines all employ the negative 
work speed principle and now that these madunes have passed 
the experimental stage the theory that the negative work speed 
is not productive ^ of economical results has been disproved. 
However, with a c^ter-type machine, except in specific cases, it 
is better to employ the positive work speed. 

The following data give work speeds for cylindrical grind- 
ing expressed in feet per minute: 


Surface Speed of Work in Feet Per Minute 


Dlam. 
of work, 
inches 

6 

10 

15 

20 

25 

80 

86 

40 

45 

K 

76.4 

Work apeede 
162.8 229.0 

in revolutiona 
806.0 882.0 

per minute 
468.0 686.0 

611.0 

688.0 

% 

50.9 

101.8 

158.0 

204.0 

256.0 

806.0 

867.0 

408.0 

458.0 


88.2 

76.4 

1140 

158.0 

191.0 

229.0 

268.0 

806.0 

8440 

% 

80.6 

61.2 

82.0 

122.0 

158.0 

184.0 

214.0 

245.0 

276.0 

% 

25.4 

50.8 

76.6 

101.0 

127.0 

158.0 

178.0 

208.0 

229.0 

% 

21.9 

48.8 

65.6 

87.6 

109.0 

181.0 

153.0 

176.0 

196.0 

1 

19.1 

88.2 

67.6 

76.6 

95.5 

116.0 

184.0 

163.0 

172.0 

1 % 

17.0 

840 

61.0 

68.0 

86.0 

102.0 

119.0 

186.0 

158.0 


15.8 

80.6 

45.9 

61.5 

76.8 

91.8 

107.0 

128.0 

189.0 


12.7 

25.4 

88.1 

51.0 

63.7 

76.3 

89.2 

102.0 

116.0 

1% 

10.9 

21.8 

82.7 

48.6 

54.5 

65.6 

76.4 

87.8 

98.2 

2 

9.5 

19.1 

28.6 

88.2 

49.8 

67.8 

66.9 

76.4 

86.0 


8.5 

17.0 

25.5 

84.0 

42.2 

61.0 

59.4 

68.0 

76.2 

2H 

7.6 

15.8 

22.9 

80.6 

88.2 

45.8 

68.5 

61.2 

68.8 

2% 

6.9 

18.9 

20.8 

27.8 

37.4 

41.7 

48.6 

65.6 

62.5 

8 

6.8 

12.7 

19.1 

25.5 

31.8 

88.2 

44.6 

61.0 

67.8 

8^ 

6.4 

10.9 

16.8 

21.8 

27.8 

82.7 

88.2 

48.6 

49.1 

4 

4.8 

9.5 

14.3 

19.1 

28.9 

28.7 

88.4 

88.2 

48.0 

4 ^ 

42 

8.5 

12.7 

17.0 

21.2 

25.4 

29.6 

84.0 

88J2 

6 

8.8 

7.6 

11.4 

15.8 

19.1 

22.9 

26.7 

30.6 

84.4 


8.4 

6.9 

10.4 

13.9 

17.4 

20.8 

24.8 

27.8 

81.8 

0 

8.2 

6.8 

9.6 

12.7 

15.9 

19.1 

22.8 

25.5 

28.7 

7 

2.7 

5.4 

8.2 

10.9 

13.6 

16.4 

19.1 

21.8 

246 

8 

2.4 

48 

7.6 

9.5 

11.9 

148 

16.7 

19.1 

21.1 

10 

.9 

8.8 

6.7 

7,6 

9.5 

11.4 

18.5 

15.8 

17J3 

12 

1.6 

8.2 

47 

6.8 

7,9 

9.6 

11.1 

12.7 

14.8 
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Surface Speed of Work In Feet Per Minute 


Diam. 
of work, 
Inches 

60 

65 

60 

66 

70 

76 

80 

90 

100 


764.0 

Work 

851.0 

speeds 

917,0 

in revolutions 
994.0 1070.0 

per minute 
1U7.0 1222.0 

1876.0 

1628.0 

% 

509.0 

660.0 

611.0 

662.0 

718.0 

7640 

815.0 

916.0 

1018.0 

% 

882.0 

420.0 

469.0 

497.0 

685.0 

678.0 

611.0 

688.0 

7640 

% 

806.0 

887.0 

867.0 

898.0 

428.0 

469.0 

489.0 

652.0 

612.0 

% 

264.0 

279.0 

806.0 

880.0 

867.0 

881.0 

408.0 

468.0 

608.0 

% 

219.0 

241.0 

262.0 

286.0 

806.0 

829.0 

849.0 

892.0 

488.0 

1 

191.0 

210.0 

229.0 

268.0 

269.0 

287.0 

806.0 

844.0 

882.0 

1% 

170.0 

187.0 

204.0 

221.0 

288.0 

266.0 

272.0 

806.0 

840.0 

1% 

158.0 

168.0 

188.0 

199.0 

2140 

280.0 

246.0 

2740 

806.0 


127.0 

140.0 

168.0 

165.0 

178.0 

191.0 

204.0 

280.0 

264.0 

1% 

109.0 

120.0 

131.0 

142.0 

158.0 

1640 

176.0 

196.0 

218.0 

2 

96.5 

106.0 

115.0 

1240 

184.0 

148.0 

168.0 

172.0 

191.0 

2H 

86.6 

98.5 

102.0 

111.0 

119.0 

128.0 

186.0 

168.0 

170.0 

2% 

76.8 

84.2 

91.7 

99.6 

107.0 

114.0 

122.0 

188.0 

168.0 

2% 

69.6 

76.6 

88.4 

90.4 

97.2 

104.0 

111.0 

126.0 

189.0 

8 

68.7 

69.9 

76.4 

82.6 

89,1 

96.8 

102.0 

1140 

127.0 

8% 

645 

60.0 

66.6 

70.8 

76.4 

81.8 

89.4 

98.1 

109.0 

4 

47.8 

52.6 

57.8 

62.1 

66.9 

71.7 

76.4 

86.0 

96.6 

4% 

42.4 

46.6 

61.0 

66.1 

59.4 

63.6 

67.9 

76.8 

84.8 

6 

88iS 

42.0 

46.9 

49.7 

68.6 

67.8 

61.1 

68.8 

76.4 

6^ 

844 

88.2 

41.7 

46.1 

48.6 

62.0 

56.6 

62.6 

69.4 

6 

81.8 

86.0 

88.2 

41.8 

44.6 

47.7 

61.0 

67.2 

68.6 

7 

27.8 

80.0 

82.7 

86.5 

88.2 

41.0 

48.7 

49.1 

546 

8 

28.9 

26.8 ' 

28.7 

81.0 

88.4 

85.9 

88.2 

48.0 

47.8 

10 

19.1 

21.0 

22.9 

248 

26.7 

28.6 

80.6 

844 

88.2 

12 

16.9 

17.6 

19.1 

20.6 

22.8 

28.8 

26.6 

28.6 

81.8 
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SECTION V 

DIAMOND DATA 


Industrial diamonds, which comprise bort, carbon and 
stones, are used for a number of industrial purposes such as 
grinding wheel truing, wire drawing, rock drilling, glass cutting, 
etc. The data in this section are arranged as follows, while addi- 
tional diamond information will be found in Section I, Abrasive 
Materials: 


Bort Diamond Shapes 

Gnuhing Bort ..118 

Diamond Onttlng ...118 

Diamond Dies 180 

Diamond Points 120 

Diamond Powder 121 

Diamonds for Book DrilUng... .....121 


Diamond Saws 

Diamond Selection 

Page 

Diamond Betting 


Glasian* Diamonds ,, . 

.128 

Hints on Using Diamonds 

127 

Shaped Diamond Tools ............ 


Splint lllamonds 

....M..MW...i..,187 
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DIAMOND DATA 
Bobt Diamond Shapes 

Sort diamonds are of different natural shapes, and present 
points and edges, varying in sharpness and number. Certain of 
them are roundish (rounds) others Hat (flats). The differ- 
ent purposes for which bort diamonds are used caU for 
various shapes. Thus for truing wheels, according to Anton 
Smit & Co., well shaped stones with many points are 
sought, while for rock-drilling, roundish and blocky shapes 
are preferred. For diamond dies rather flat stones are used, 
and for glass cutting 6-point stones, etc. Diamonds are 
found in a great variety of colors, from pure white to black. 
The white and grey stones are harder than the brown but more 
brittle. Users have individual preferences in the matter of color, 
depending on the nature of the work and the experience of the 
operators. 

Gbushing Bobt 

The term crushing bort is used to designate pieces of 
diATwoTiflH , incompletely crystallized, broken, opaque or cloudy, 
and aU fragments unsuited for decorative or industrial ptmposes. 
The bort is pulverized and used as a cutting and polishing 
medium for brilliants and other precious stones, also as a drilling 
medium in the manufacture of diamond dies, and as a sawing 
medium for porcelain, etc. 

Bound crushing bort is preferred, and of this, the Brazilian 
is most desirable. Its superior quality is due to each single, 
minute crystal being provided with a tough sheath or skin, 
which makes it stand up better to the work. Polishers gen- 
erally buy their own bort and pulverize it in a mortar, as 
ordinary commercial diamond dust is, as a rule, greatly adulter- 
ated with cement, and as a result, it is of poor quality. 

Dumond Cutting 

Previously to the year 1476, gem diamonds were not cut 
as they are today; they were used just as they were found in 
nature. The process of cutting and polishing diamonds was 
invented in 1476 by L. von Berquen and it has been in use ex- 
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teziBlvdy until the present day. At one time the diamond cutting 
industry centered in Holland. At the present time, however, 
large quantities of diamonds are cut in New York City, the in- 
dustry being contained within the compass of four ciiy blocks 
in the heart of the business center. 

The rough stones come principally from South Africa, 
where 90 per cent of the world's supply of diamonds originate. 
These stones usually are octahedral in shape and the first step 
preliminary to cutting, according to B. K Price, consists 
of sawing or cleaving them into workable shapes. In 
cleaving a stone the expert notes its shape and char- 
acteristics carefully. He applies an instrument like a chisel 
to the desired point of contact and strikes it a sharp blow 
with a hammer. Great skill is required in this operation 
since the diamond is very expensive and a slight miscalculation 
would result in a serious loss. Today, however, the diamond sa'v^ 
is replacing the cleaving process to some extent at least. Diamonds 
are sawed with a phosphor-bronze disk from 0.0026 to 0.007-inch 
thick and about four inches in diameter. They operate at ap- 
proximately 8000 revolutions per minute. It takes about a 
day to saw a one carat stone. The rim of the saw is impregnated 
with a mixture of diamond dust and olive oil which forms the 
cutting agency. 

Diamonds are cut by wearing them to a round shape. One 
stone is revolved at a speed of 1000 revolutions per minute, 
being held in a special holder, and mounted in a brass dop. 
Anolher stone moimted in another dop is manipulated against 
the revolving stone by a hand lever which is moved by the 
operator so that the wear on each stone is about equal. 

The next operation consists of generating the desired num- 
ber of facets on the stone to cause it to refiect the light prop- 
erly, 68 being the generally accepted number. In some instances, 
however, special cuttings are employed for various purposes. 
This operation is performed by holding the stone against a 
special cast iron disk. These disks are imported from Holland. 
The diamond is held at the necessary angle by mechanical means 
while the disk rotates at an approximate speed of 2800 revolu- 
tions per minute. Diamond dust and olive oil also is used on 
this disk to form the abrasive agency. 
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Three forms of holders are used for locating: fhe diamond. 
They are called the solder dop, the mechanical dop and the semi- 
automatic tool. The solder dop has a bronze base on which 
a mound of solder is fastened. The stone is imbedded by 
hand in as nearly the desired position as possible. The dop is 
fastened to an annealed copper rod and by bendinsr this rod, the 
operator obtains the correct grinding cmitact. In using this form 
of dop it is necessary to reset the stone many times during the 
operation. The mechanical dop incorporates a cup for holding 
the stone and in some respects it is an improvement over the 
solder dop. It cannot be used, however, for cutting the table or 
top of the stone. 

The semiautomatic tool is equipped with refinemmits for 
locating the stone accuratdy to generate the facets. The stone 
does not have to be removed from its setting during the faceting 
operation and in consequence the facet angles all are alike. In 
the operation of this tool it is necessary to reset the stone twice 
only. The diamond is set in an aluminum dop that is cast 
around it. 

Diamond Dies 

Diamond dies for drawing wire are of great value to the elec- 
trical and other industries where importance is attached to accu- 
rate and uniform cross section. Great quantities of wire can be 
drawn through these dies without variation of diameter. For this 
industry, rather flattish stones are used, and hardness at the 
center where the wear takes place is essential. Quality is a 
most important matter which accounts for the great variation 
in the prices of dies. The diamonds are pierced on precision 
machines by means of fine steel needles charged with diamond 
dust and oil. The manufacture of the smallest sizes having 
diameters of 0.0004-inch and less, calls for great care and years 
of experience. After piercing, the diamonds are set in brass 
or steel mounts. 

Dumomd Points 

These, as their name implies, are elongated thin stones, 
and may be obtained in the natural state, cleaved, sawn or 
polished. They are used for drilling glass, for graduating 
measuring and astronomical instruments, and for graving tools 
of different kinds. 


120 



DIAMOm DATA 


Diamond Powder 

A substance formed by crushing diamonds and grading the 
resultant powder in olive oil. The process consists of crush- 
ing imperfect stones in a small steel mortar. This mixture is 
placed in a quantity of olive oil and stirred thoroughly. It is 
permitted to stand for five minutes. The oil then is poured off 
and the material remaining in the receptacle is called No. 0. 
The oil then is permitted to stand for ten minutes and after 
pouring off what remains in the bottom is called No. 1. Thirty 
minutes yields No. 2; one hour, No. 8; two hours, No. 4; and ten 
hours. No. 6. Letting the oil stand until it shows dear yields 
the finest grade, or No. 6. Diamond powder is used for cutting 
diamonds and for various mechanical purposes. 

Diamonds for Bock Drilling 

Formerly, the only means of sinking bore-holes in hard rock 
was by means of percussion and hammer-drills, according to 
Anton Smit & Co. The bore-dust accumulated in this way gave 
a very poor indication of the composition and sequence of the 
strata. It was only towards the middle of last century that en- 
gineers first took advantage of the intense hardness of the 
diamond for drilling operations. 

A boring crown, set with diamonds, and fixed at the end of 
a system of hollow rods, is brought to bear on the rock with 
even pressure, and revolved at great speed. In this way a ring- 
shape hollow space is cut around a stationary, cylindrical core 
of rock. A stream of water converts the bore-dust into silt, 
which is brought up to the surface. As the diamond crown 
bores down, the core is received into a core tube and fetched up 
from time to time. These cores give a very precise indication of 
the character, as well as the sequence and dip of the strata, be- 
sides affording the most excellent material for analysis. 

Carbons, black Brazilian diamonds, are generally used for this 
class of work. These stones, with ballas are the hardest and 
toughest of all diamonds. Cape and Brazilian bort are used for 
drilling ground of medium hardness, and of these the Brazilian, 
being the hardest, is used in preference. For very hard forma- 
tions such as volcanic rock, quartz and conglomerate, carbons 
only are satisfactory, their structure rendering them stronger 
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and less brittle than borts which easily split on account of their 
laminated formation. For best results it is advisable to set 
several ballas in the crown with the carbons. 

All diamonds can withstand great pressure, but they are 
very sensitive to shock or blows. Apart from the quality of 
the diamonds and their perfectly secure setting in the crown, 
their life will greatly depend on the experience and care of 
the operator. Prolonged work on uniform rock of the very hard- 
est, densest character is less harmful to the diamond than 
boring through strata alternating from hard to soft. In such 
instances the diamonds, besides being called on to withstand 
pressure, have to resist the shocks caused in passing from one 
stratum to another. 

The size of diamonds used for boring depends on the diameter 
of the crown, the most usual sizes being from % to 6 carats. 
The diamonds are spaced at equal distances around the base of 
the crown, alternate on the inside and outside edges. Each 
diamond covers slightly more than half the thickness of the 
wall of Uie crown. It is a common practice to set two or four 
diamonds half way up, around the inside and outside faces of 
the crown. Those on the outside serve to give a little more 
play for the crown and to reduce the wear of this part; those on 
the inside enable the core to pass freely. 

It is generally recognized as the best practice to use diamonds 
of the largest size the crown can carry. The larger the stone 
the better it resists hard usage, and it is therefore the more 
economical in the long run. Moreover, large stones are more 
easily and securely set than small ones, and the risk of losing 
them while in use is less. 

Diamond core drills are used for driving bore-holes to all 
depths from 16 to several thousand feet. They are made in a 
large range of diameters from 86 millimeters for ore prospecting 
up to 60 centimeters for borings in coal mines and for oil wells. 

The diamond drill is also of great value in locating suitable 
foundations for bridges and other large structures, which must 
rest on bedrock. It further finds an important use in mines for 
malrifig emergency borings, where a sudden inrush of water or 
gas is expected, and for rapidly establishing ventilation. It has 
also proved of inestimable service in the extinction of under- 
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ground fires in mines. A comparatively modem use for the 
diamond drill is the cutting of cores from cement roads to ascer- 
tain if the cement was laid according to specifications. 


Dumond Saws 

These are made in various patterns, including circular saws 
up to 10 feet in diameter, reciprocating saws up to 26 feet long, 
hmd saws and slitting saws. The cutting diamonds are mounted 
in detachable steel sockets inserted at regular intmvals along 
the saw. 

Diamond Selection 


The sdection of diamonds for wheel truing is a diEHcult 
matter for one who does not understand the subject thoroughly. 
For this reason it is a good plan to buy diamonds only from 
dealers of recognized standing who have a reputation to main- 
tain. Of the two general varieties of stones, bort and carbon 
(carbonado) both will give good results. Carbon stones are 
comparatively high in price, but they are extremely durable as 
they present no cleavage lines. 

Black, brown and gray bort stones are said to be quite hard, 
but they will shatter if they are not correctly set. These 
stones are found generally in the shape of octahedrons and many 
grinding room foremen favor this shape as it lends itself readily 
to setting and resetting. Again, many authorities favor the 
round or huLlmoae stones. The so-called bolZos stones make ex- 
cellent wheel truing mediums as they have no cleavage lines. 
These stones are comparatively expensive, but they are quite 
tough. Brazilian stones are hard, but brittle. Thus they 
cannot be entrusted to an inexperienced operator. They are said 
to be excellent to use in hand wheel-truing tools. The follow- 
ing data compiled by Anton Smit & Co. will be useful in selecting 
diamonds for truing wheels of various sizes: 


Diameter, 
np to 6 Inches 
6 to 12 inches 
12 to 18 inches 
18 to 24 inches 
For Hard Wheels: 

Diameter, 
np to 12 inches 
12 to 18 inches 
18 to 24 inches 


Face. 

1 inch 
1 inch 

1 to IMi inches 

2 to 4 inches 

Face. 

1 inch 

1 to IH Inches 

2 to 4 inches 


Size of Diamonds. 
% carat. 

1 to 1% carat. 
lU to 2 carat. 

2 to 6 carat. 

Size of Diamonds. 
l)i to 2 carat. 
2 to 4 carat. 
4 to 10 carat. 
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Large atones possess one distinct advantage in that tiiey can 
be reset a number of times while small stones, of course, can be 
purdiased more economically. 

Diamond Settimg 

The setting of industrial diamonds is an operation that 
should be entrusted only to an expert, for a novice can ruin a 
good diamond by setting it improperly. The various methods 
followed in settW diamonds are the mechanical, peining, bra2dng 
and casting. 

Mechanical setting consists of the use of special chucks for 
holding the stone by clamping means. Many ingenious devices 
have been developed, but it is doubtful if they possess superior 
merits under all conditions. In peining a diamond in place the 
operation is as follows: 

First a copper nib is drilled as shown in the accompanying 
illustration at the left The hole is drilled just deep enough to 



FBOQBXSSIVX STXPS IS SSTTINO A DIAUOMD BT THU 
PHnONO FBOOBSS 


bury Ihe stone. Next as shown in the center illustration, the metal 
is peined over by hammer blows, generally through the use of a 
staking tool, to hold the stone firmly jn place. This is an flxap.ting 
operation for a chance blow will fracture the stone. Last, as 
shown at the right the metal at the top of the nib is turned 
away to expose the stone slightly. This method possesses the 
advantage of being easily carried out and, no doubt, it will hold 
comparativdy small stones successfully. Its disadvantages are 
that the stone is not always held securely and, as stated above, 
a false blow during the peining operation may fracture the stone. 

In brazing a diamond in place the nib is drilled to accom- 
modate the stone. Then the hole is filled with spelter which is 
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brought up to the melting point, usually by a blow-torch flame. 
Then the stone is inserted in the molten metal and pressed 
securely in place, the heat being kept up the meanwhile so that 
the stone will not cool the spelter too rapidly. This method is 
said to be satisfactory, but it is thought by many diamond experts 
to expose the stone more or less to combustion, which begins to 
tft kn piariA when air or oxygen has free access to the diamond 
surface at a temperature of 1562 to 1832 degrees Fahr. Again 
the bra 2 sing method is liable to leave gas pockets around the 
stone. Further the stone is simply surrounded by a matrix 
of rather weak material, that is brass. 

J. M. Henry supplied the following data pertaining to the 
method followed in mounting diamonds in place by the brazing 
method at the works of the Pratt & Whitney Co. The shank, 
as shown in the accompanying illustration at the left, is a soft- 




THI VIEW AT THE LEFT SHOWS 
A SHANK BEADY FOB DIAMOND 
HOUNTINO WHILE THE ILLUS- 
TBATION AT THE BIGHT IS THE 
FINISHED SETTING 


steel bar and the first step in preparing the setting is to drill 
a hole approximately as large as the greatest diameter of the 
stone when it is in the position judged to be the most satisfac- 
tory. Next four saw cuts are made. With the stone in place, 
molten spelter is poured into the slots and the drilled hole, 
which seto the stone firmly. The spelter that flows into the slots 
anchors the setting in a satisfactory manner. The illustration 
at the right shows the setting rea^ for use after the shank 
has been rounded over at the end. 

The casting method gives excellent results in the hands 
of an expert. Howard Miller, head of the testing laboratory of 


125 


Ill 


THB AB&ASIVE HANDBOOK 


the General Electric Co., gives the following formula for a cast- 
ing alloy: 

7An* 90 per cent 

Cioppet f P«r cent 

Alnnlnniu ^ cent 

He states that this alloy has a melting point of 660 degrees, 
Fahr., and a Brinell hardness of 78 and that the relatively low 
iwAitiTig point will not injure the stone. This material is called 
Sampson metal. Mr. Miller's process is to hold the stone by sup- 
porting wires in the bottom of a split mold similar to a bullet 
mold. The mold and stone then are hrated slowly to a tempera- 
ture of 860 degrees Fahr. The mold then is poured full of the 
molten alloy which previously has been melted in a small electric 
furnace. Thus the stone is cast solidly in a matrix, or nib, the 
the shape of which is governed by the mold. 

Diamonds also are set by casting sted or a steel alloy around 
them. Prof. Robert E. Lyons states that he found no change in 
any number of diamonds that had been set by casting steel 
around them five times. 

Frank B. Wade, who has made an exhaustive study of 
diamonds, states that the casting of a suitable metal or alloy 
around the diamond is the best of the holding methods that 
have been devised. 

Diamond tools should be inspected frequently and turned in 
for resetting as soon as the cutting surface has been worn 
appreciably flat. This work can be performed in the plant of 
any manufacturing company, provided the necessary facilities 
and a skiDfol operator are at hmid. In the majority of instances, 
however, it is considered a better plan to return worn diamonds 
to an industrial diamond dealer for resetting. The charges for 
this service are quite normal and the results are satisfactory. 


Glaziebs’ Diamonds ob Vitbibbs 

These are very small bort, as many as 80 running to the 
carat, and are used for cutting glass. These stones are obtain- 
able in a wide range of qualities. 
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Hints on Using Diauonds 

The foUowing pertinent hints on the use of industrial 
diamonds for wheel truing is given by Howard W. Dunhar in his 
book, LMle Kmown Facta About Grinding: 

Don’t forget that bull-nose diamonds frequently reset give 
a lower cost for whed truing. 

Don’t forget to set the diamond tool below the wheel center — 
never above it. 

Don’t quench hot diamonds. 

Don’t forget to flood diamonds with water or other cooling 
lubricant while they are in contact with the whed. 

Don’t forget to change the position of the tool firequently 
so that a large surface of the diamond is never in contact with 
the whed. 

Don’t forget to take light cuts. 

Don’t exceed 0.001 to 0.002-inch depth of cut with the 
diamond. 

Don’t run the diamond too slowly across the whed face 
it is desired to break up the surface to make the wheel cut 
freely. 

Don’t forget that the smoother tiie point of the diamond, the 
smoother will be the flnished work. 

Don’t thinlf of the diamond as a device for sharpening the 
whed, but rather as a tool for correcting the surface. 

Shaped Diamond Tools 

Tools containing specially shaped diamonds are in ever in- 
creasing demand for turning, threading, truing of various rolls 
in paper mills, and generally, for accurately and rapidly working 
hard fibrous substances such as ebonite and vulcanite. The great 
advantage in using diamond tools for these purposes is that they 
will produce highly accurate work for long periods without 
regrinding, whereas the best high speed steel quiddy bums and 
wears down under the same conditions. 

Splint Diamonds 

The splints which accumulate when deaving diamonds are 
assorted into coarse, middle and fine. Prudence should be ob- 
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served when purchasing splints, which should only be bought 
from firms guaranteeing 100 per cent pure diamond. Unscrupu- 
lous dealers add foreign matter in proportions up to 40 and 
60 per cent, which although rdatively hard, costs scarcely any- 
thing, and thus explains the cheapness of this substitute. Splints 
are used mainly by optical and glass works. 


SECTION VI 

DISK GRINDING 


Disk grinding, which in reality is a branch of surface grind- 
ing, is not an innovation as it dates from the time when a sheet 
of emery or other abrasive material was glued to a wood face 
plate and used as a more speedy iinishing or polishing process 
than could be afforded by the use of hand material. The growth 
of modem disk grinding has been rapid. According to F. E. 
Gardner, it dates to the time when some 40 years ago F. H. 
Gardner and Charles H. Besly developed a smaU hand-feed 
machine for finishing small tools. Following is a list of the 
subjects included in this section: 
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Dink Grinding Problams ..188 
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OISE GRINDING 
Disk Grinding Pbaoticb 

Disk grinding is an economical procedure as it can be used 
’ for finishing flat surfaces that heretofore were placed or milled 

» at considerable expense. In designing parts for finishing by disk 

grinding, the finish allowance also can be reduced materially 
which results in a substantial saving of material. At one time 
disk grinding was considered a rough operation only, but present 
day disk grinders of many types are precision machines. The 
nature of the work directs the type of machine to use. For 
{ finishing flat surfaces on large parts, the horizontal-type machine 

carrying a large disk is the most economicaJL The machine bed 
is fitted with cross members to prevent the work turning so 
all that is necessary is to place the pieces on the rotating disk. 
‘ Comparatively light pieces, however, can be weighted to advan- 

tage. As these large machines will accommodate a number of 
. pieces, one machine can be kept practically in continuous opera- 

I tion. The semiautomatic machines of this type which are equipped 

I with fixtures for locating the work and bringing it in the grind- 

ing position are productive of excellent results. 

Small work generally is ground on vertical disk machines 
fitted with lever feed tables. Usually it is necessary to provide 
holding fixtures which are located directly on the table. One 
^ disadvantage of this type of equipment is tiiat the piece most 

K be rocked back and fortii past the disk face by hand while also 

B the grinding pressure is applied manually. This results in fatigue 

H on the part of the worker which lowers production. However, 

^ this objectionable feature has been overcome by the design 
of disk grinders with automatic feeding and pressure regulating 
arrangements. 

A special type of disk grinder for wood work called a 
patternmaker's disk grinder shows high efficiency in the pattern 
shop. Such machines are equipped with numerous adjustments 
so that it is possible to generate angles readily for the purpose 
of potting draft on patterns, etc. Again, by the use of these 
machines, patterns can be made from second-grade lumber as a 
few knots in the material are not detrimental to good disk 
grinding practice. The pattermakers’ disk grinder is an ex- 
cellent production machine. 
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Hand operated double disk grinders are used for finishing 
a diversily of pieces of metallic and nonmetallic materials. The 
work is hdd on a special locating fixture which is passed between 
the two disks, one being provided with a longitudinal movement. 
It comes against an adjustable stop which should be regulated 
to control the thickness of the finished product. The disks 
should be trued as soon as they cease to cut freely. A special 
dresser is used for this purpose. Automatic disk grinding 
machines are used in cases where large quantities of repetition 
work are handled. Such machines give efficient results. They 
are used extensively for finishing the sides of piston rings, wash- 
ers, ends of rods, coil springs, etc. 

In designing parts for disk grinding it is well to remember 
tbat an abrasive instead of a metal cutting element is to be 
used, so that a minimum grinding allowance only will be neces- 
sary. When parts are to be milled or planed it is necessary 
to allow a liberal allowance to enable the tool to get under the 
scale. With disk grinding this is not necessary as the abrasive 
starts on the hard scale and works in. Farts with broken sur- 
faces are finished more readily tban solid sections. This point 
also is well to bear in mind when redesigning parts for finishing 
by disk grinding. 

A factory producing special fittings for a large steam and 
plumbing supply jobber, according to Donald A. Hampson, was 
called upon to produce a quantity of boiler room specialties that 
included the casting shown in Ilg. 1. This unit is the major 
part on which others are assembled. It is a brass casting about 
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10 inches long on which a stamped case, gage glass and other 
parts are attached. 

In the design of the part, the present shape is conceded to 
be far superior to any other that might be made, but it is a 
shape that does not lend itself readily to speedy manufacture 
because of the machined surfaces being at two levels. Thus 
inside cuts are necessary, which are always awkward and slow. 
The way to design such a part for economical manufacture would 
have been to have the risers at the ends left off entirely so that 
the casting could be dressed off at once and in one plane. This 
however, would require separate pieces for the ends and a joint 
that might be hard to keep tight. 

One of the production men conceived the idea of disk grind- 
ing the parts by means of a disk having one surface offset from 
the usual face, in the manner detailed at Fig. The plan was 
to machine the parts on a disk grinder that would finish both 
heights at once and with the desired spacing. To this end, some 
minor changes in size were made to reduce the area to be ground 
and the castings then came to the madiine shop in the form 
shown in detail in Fig. 1. A floor grinder was available and 
on this machine the disk was attached. It was screwed directly 
on the spindle with a 1-inch diameter, 6-pitch, left-hand i^ead. 
This disk was in two parts, the main piece. A, including the hub 
and a rim being turned all over. To the back of the rim was 
bolted a plate, B, with four %-inch hexagon head cap screws. 
This made it easy to remove the disk for cleaning and mounting. 
Being shouldered as shown, it always went back concentrically. 
An abrasive disk was cemented to each plane face. They pro- 
duced satisfactory work; the variation due to wear and other 
causes having been found to be a maximum of 0.004-inch, which 
was negligible for this job. 

Thus an awkward part was turned out at little cost and 
probably much more accurately than by any cutting tool method. 
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Being of light section and of brass, such a piece could have 
been held in a vise of a fixture without distortion. Held free 
hand against a disk wheel, there was practically no chance of 
springing the work. 

• Regular 12-inch carbide of silicon disks were cut in two 
sections, one to go on each surface of the double disk wheel. 
Large lots of the pieces were not put through; so there was 
plenty of time to renew the abrasive. The separable feature 
of the wheel made it easy to damp the disks for setting in the 
press. A novd method is used to make the disks easily remov- 
able from the spindle. An ordinary cheap thrust bearing is 
slipped on, next the spindle flange and with this unit in place 
a dt«k is never jammed so that it cannot be removed with the 
hands. 

Disk Grinding Pbokuems 

A point to consider in disk grinding is the use of jigs and 
fixtures for locating work. In cases where a quantity of similar 
parts are being ground it pays to design and install simple 
holding fixtures for various parts. In this way, the handling 
time is reduced to a minimum while the time consumed in 
desi gnin g and constructing such fixtures is more than offset by 
the reduced production cost that ensues. The design of the 
pieces to be ground is of the utmost importance and it often 
is possible to redesign a part in such a manner that the produc- 
tion time in disk grinding can be reduced materially. The chief 
aim should be to present to the abrading circle as small an area 
as possible. Many parts that formerly were machined on other 
iypes of machine tools have been redesigned so that by disk 
grinding, from 60 to 90 per cent of the production time has been 
eliminated. The selection of abrasive circles is of equal im- 
portance and when in doubt it is a good plan to present the 
problmn directly to the disk or machinemaker. 

In selecting work for the disk grinder the following points 
should be kept in mind: The amount of stock to be removed, 
the distribution of the ground surface, the total area to be 
ground and the thickness of the adjacent stock for absorbing 
the heat generated in grinding and for resisting distortion. By 
e yf>rM«iTig care in the design of the part, production will be 
expedited materially, which results in a reduced production cost. 
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Tlie finish, allowance on parts to be disk-ground is much less 
lhan in cases where the flTn>biTigr is to be performed by milling 
or planing, so that designers who are conversant with present- 
day disk grinding practice generally designate disk grinder 
finish on their drawings. The patternmaker on seeing such a 
notation leaves but a small amount for finish on the pattern. 
In many cases, the molder will often rap a pattern enough to 
leave sufficient stock for disk grinding in case of an emergency. 

The cost of disk grinding usually is directly proportional 
to the amount of stock removed, which makes a small finish 
allowance imperative. In some cases the removal of from 0.006 
to 0.06-inch is enough to clean up a surface satisfactorily while 
under other conditions as much as ^-inch can be removed profit- 
ably from iron or brass castings, denerally, however, the finish 
allowance in actual practice follow: 

Drop-forged wrmiches, 0.008 to 0.016-inch. 

Brass hexagon nuts up to 2 inches in diameter, 0.016-lndi. 

Brass hexagon nuts in larger sizes, up to 0.08-inch. 

Steel punchings, 0.006 to 0.016-inck 

Cast iron machine parts, 0.008 to 0.06-inch. 

Cast brass machine parts, 0.016 to 0.09-inch. 

These amounts may vary slightly, as much depends on the 
nature of the material, the speed of tiie abrasive circle and the 
distribution of tiie ground surface. 

Cast metal is more readily finished by disk grinding thaw 
rolled or wrought material, white soft stock is easier to grind 
t h a n work that has been hardened. In cases where iron cast- 
ings are small and of thin section, the material often is hard 
and difficult to grind. The scale on castings and forgings wears 
the abrasive disks unduly so that in cases where the scale is 
excessive, it is a good plan to remove it before grinding. The 
scale can be removed on a regular grinding wheel, or on a ring 
wheel held in a ring-wheel chuck mounted on one end of the 
disk grinder spiudle. The scale also can be broken by tumbling, 
sandblasting or pickling. Where forgings or hot-rolled materials 
are excessively scaled, they should be pickled. 

The speed at which the abrasive disk is operated is an 
important factor to consider and on soft material, a compara- 
tively high speed is essential As the abrasive travels at vary- 
ing velocities from the center to the periphery of the disk, it 
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would seem that the disk speed was not of great importance. 
In actual practice, however, it has been proven that the average 
speed of the abrasive should be given consideration. When 
in doubt regarding speeds, it is a good plan to consult the disk 
grinding machine manufacturer, stating all the details of the 
operation. In this way the benefits of experimental and actual 
disk-grinding practice are obtained readily, for example, it is 
generally known that an excessive abrasive speed on hard mater- 
ial has a tendency to glaze and dull the disk, while a low speed 
when grinding soft metal fills and clogs the circle. Again, an 
excessive speed on wood and other nonmetallic substances tends 
to bum the work. While these factors are known generally, 
the operators in many plants wear out disks quickly because 
of the lack of attention to details. Disk grinding should be 
performed dry, for if water is utilized to carry away the 
abrasive dust, the circles will be destroyed, as the glue that 
holds the abrasive in place is not waterproof. 

In disk-grinding practice, the entire surface to be finished 
usually is in contact with the disk so that innumerable cutting 
points are at work simultaneously. As the cutting points pass 
over the work at high speed, the friction resulting generates 
heat. For this reason a sharp, free-cutting disk creates less 
friction than one that is dull or glazed. When the feeding 
pressure is insufficient, the cutting points of the abrasive rub 
or brush the work instead of cutting as they should. This also 
creates excessive friction. Practically all the heat generated 
in disk grinding is caused by ground particles rolling between the 
circle and the work. The greater ffistance these particles are 
carried over the ground surface before being discharged, the 
greater the heat generated. Thus the importance of correctly 
designed surfaces for disk grinding is apparent, for if the sur- 
face to be ground is broken so that it does not present an 
unbroken plane, the grindings are discharged before excessive 
heating results. The work should not be permitted to overheat 
unduly as cold metal is easier to grind than heated stock. Also 
hot metal will destroy the glue that holds the abrasive in place. 
The expansion from frictional heat seldom is distributed evenly 
throughout the work and this unequal expansion often warps 
the part being ground. If grinding is con^ued while the part 
is distorted, it is apparent that the ground surface will not be 
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flat after the work has cooled and contracted. Thus, undue 
heatlnfir should be avoided and the work should not he allowed 
to become too hot to be bandied conveniently by the operator. 

To eliminate the generation of heat as much as possible, 
the abrasive circle should be sharp and free cutting at all times. 
The coarsest grain that is practicable should be used, while suf- 
ficient feeding pressure should be maintained to make the disk 
cut freely. When the disk becomes glazed, it can be resharpened 
by passing a dresser over it lightly. A si^ wire brush also can 
be used to advantage when grinding such materials as carbon, 
brass, cast iron, etc. The correct feeding pressure varies, but 
Idle work never should be forced against the circle for more 
than from 3 to 20 seconds at a time, the period depending on the 
nature of the work. If the work gets too hot before sufScient 
stock has been removed, it is a good plan to handle it a second 
time when grinding, aUowing it to cool between idle first and 
second operations. Generally speaking, however, in cases where 
the parts are designed properly for disk grinding, overheating 
does not occur frequently. As previously stated, excessive heat- 
ing is caused by the grindings traveling between the disk and 
the work while the principal methods followed in reducing the 
travel of these ground particles are to recess the work, rotate 
it during grinding, or to restore to the use of grooved circles. 

Selection of Abrasive Disks 

No general rule can be cited to follow absolutely for the 
selection of abrasive disks. In general it can be stated that 
carbide of silicon gives good results for grinding cast iron and 
brass and aluminum oxide for steel. Garnet and emery disks 
also are used extensively. Garnet is ideal for woodworking, 
while emery is used for disk grinding various nonferrous 
materials. 

The finish desired should govern the grain of the material. 
As a rule nothing coarser than No. 16 is used for finishing a 
surface less than three square inches in area. Nothing coarser 
than 16 is used for finishing steel or brass with the exception of 
steel castings. Nothing coarser than 24 should be used for 
finishing hard steel except in extreme cases. Grits coarser 

24 seldom are used on brass unless a large amount of stock 
is to be removed or where a fine finish is not necessary. No. 
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46 is used extensively for grinding small surfaces on brass 
and for the finish grinding of cast iron and steel. 

AH grain sizes from 12 to 70 are used on cast iron the size 
bdzig dependent on the amount of stock to remove, the area 
of the work and the finish wanted. In general, where the sur- 
face is more than three or four square inches in area. No. 12 
or 16 will be satisfactory. In sheeting disks for various pur- 
poses it is a good plan to consult the disk maker’s representa- 
tive who is in a position to make intelligent recommendations. 

Setting Up of Disks 

Abrasive disks cannot be depended upon to give entire sat- 
isfaction if they are not cemented in place properly on the disk 
wheels. The following suggestions for setting up disks were 
supplied by Charles H. Besly & Co.: 

Make sure that the disk is absolutely clean and free from 
grease, oil, and rust. Wash it with hot lye water and see that 
the grooves (if spiral groove disks are used) are free from 
old cement and glue. After the disk wheel is cleaned, thin 
some disk cement with an equal part of water and use this 
solution to scrub the disk whed thoroughly. Then wipe it 
off with clean waste or a clean cloth. Never use oily waste or 
gasoline and do not touch the face of the cleaned disk with the 
hands. This is important. Place the disk wheel on the disk 
press and coat it heavily with cement. Apply the cement evenly 
and see that all grooves are filled. Then coat the back of the 
abrasive disk with cement, brushing it in thoroughly so that 
the heavy duck backing will not absorb any more. The back- 
ing acts as a blotter and if it is not wdl coated it will absorb 
the cement from the disk wheel and a good job will not result. 
Next place the abrasive disk on the disk wheel and lay a felt 
pad on top of it. If a felt pad is not available use several 
thicknesses of cloth. The pad acts as a cushion between the 
face of the disk and the press plate to take up any unevenness 
which may be present. Clamp the press plates tightly- After 
the disk has been in place a few moments it will be found pos- 
sible to give the clamps a few more turns. Let the disk remain 
in the press at least 24 hours. Then remove it and let it stand 
in the air for at least 48 hours more before using it. 

In damp or humid weather the cement may not dry out 
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as thoroiufhly and as rapidly as under more favorable conditions 
and it may be necessary to permit more time for drying. It is 
important that the disk be dry before being put in use. After 
the disk is dry and ready for use trim away any of the cement 
at the edge with an old file or rasp. Before starting to grind, 
it is well to dress the disk face using the truing device on the 
lever feed table. If the machine has a plain table, use an 
ordinary grinding wheel dresser. Never huidle the disks with 
greasy hands. 

Thick Absasive CibciiEs 

Thick abrasive circles are a comparatively recent develop- 
ment In the early days of disk grinding, paper and cloth ba^ 
disks sufficed, but with the demands for increased productiori 
it was found that stronger materials were necessary. The 
circles in question are from ^ to %-inch thick. They can be 
made in various grades to suit different classes of work. They 
also are furnished in several bonds. As they can be trued like 
an ordinary grinding wheel, they afford an efficient grinding 
medium; a compromise between ordinary disk and a ring wheel. 
The following data pertaining to setting up thick abrasive cir- 
cles was furnished by the Gardner Machine Co.: 

Care of the wheels to which the disks are fastened is of 
the utmost importance. New wheels must be cleaned thoroughly 
with gasoline to remove oil and antirust compound. After the 
wheels have been in use, cleaning with hot water is sufficimit. 

Next the wheels should be scrubbed with a solution com- 
posed of disk cement and water mixed m equal quantities. 
Afterward they are wiped dry and placed in a box of sawdust. 
Bi no case should the face of the disk wheel be touched with 
the hands after it is cleaned. If the disk is not clean the cement 
will not adhere to it. 

Special cement should be used to fasten the disks in place. 
A thin coating should be applied to the back of the abrasive 
disk with a brush. If the cement is too thick it can be thinned 
with water. The coating should be light, but should be evenly 
applied and well rubbed in with the brush. A thin coat of 
cement is applied to the steel disk. If it does not spread evenly 
and if it has a tendency to gather in drops, it is an indication 
that the disk wheel was not dean before the cement was applied. 

While the cement is sticky, the disk is placed on the dialc 
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whed, abrasive side up, and disk and disk wheel are set on the 
disk wheel press. A (Ocular fdt pad, % inch thick, is placed 
over the abrasive side of the disk. Another disk is placed over 
this which also should be covered with a felt pad. The press 
top then is placed in position. It is not advisable to place 
more than two disks in the press at one time. 

In applying the pressure, care idiould be exercised to pre- 
vent the disks from slipping from the correct location on the 
disk wheels. The pressure should be applied evenly by setting 
up each screw a little at a time. It also is advantageous to use a 
centering device consisting of a disk about V6-tQch thick of the 
same diameter as the center hole in the disk. This center 
should be provided with a hub to fit the hole in the disk whed. 
This device insures locating the disk in place correctly. 

A special pneumatic diaphragm press is used for setting 
up large 6S-inch disks which are naade in four sections. After 
the steel disk whed has been cleaned as previously described, 
the four disk sections are coated with cment. Next, the 
disk wheel is costed. The disks are set in position and the press 
is located over them. Felt pads are not necessary with this 
press. The press is clamped in place and air pressure is applied 
with a pump. This should be done as quickly as possible so that 
the cement will not have a chance to dry b^ore the pressure is 
applied. The pressure gage should register from six to seven 
pounds. It is advisable to detail two men for this work. The 
time necessary for drying varies with the condition of the at- 
mosphere. In dear, warm, dry air the disks should be dried 
six hours in the press and 10 hours more before being put to 
use. If the air is damp and the humidity is high, the drying 
tinfift should be increased to between 24 and 48 hours. It is 
not advisable to try to operate a disk grinding department with 
a few disk wheels only. A sufficient number of wheels will 
eliminate the tendency to put the disks into use before they 
have dried thoroughly. 

Where only a moderate amount of disk grinding is per- 
formed, it is a good plan to set up the disks near the close of the 
working day so that they can remain in the press over night. 
After the set-up disks have dried thoroughly, the edges should 
be trimmed with an old file. Any superfious cement on the 
center of the disk wheel should be scraped off also. This is 
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important for if the center portion is not clean the disk will 
not run true on tiie disk grinder. 

With the disk whed in place on the disk grinder it is a 
good plan to rub a light piece of metal over it. Sections on 
the surface that emit a hollow sound indicate portions where 
the disk is not cemented in place thoroughly. There is no 
remedy for this and such a disk will wear out first at the loose 
spots. 

Old disks are removed by soaking the disk wheel in hot 
water. Cold water is not as effective as it increases the removal 
time. If the disk is not worn down to the cloth backing, soak- 
ing in hot water followed by striking the disk with a hammer 
will remove it readily. Care must be used in handling thick 
abrasive circles before they are attached to the disk wheels. 
These disks are brittle so that they fracture easily 

If a disk is cracked before attaching it to the disk wheel, 
it need not be discarded, unless the cracks are numerous or 
a piece of the material is missing. Such a disk should be 
attached in the usual manner. Some users have found it ad- 
vantageous to run disk cement into the cracks. Thick abrasive 
disks should be operated at an approximate peripheral speed of 
5500 to 6000 feet per minute and the bearings of the machine 
must be in good condition. Otherwise vibration will result and 
this is fatal to edScimit disk grinding. 

Tbuinq Abrasive Disks 

While the ordinary glue-bond disk cannot be trued effec- 
tively owing to its fragile nature, the thick abrasive circles com- 
monly used can be trued to advantage. A star-wheel dressing 
tool is mounted in a suitable holder and clamped to the disk 
grinder table. The table is fed up until the cutters just touch 
the rotating disk then the table is rocked back and forth until 
the cutters cease to cut. The micrometer adjustment screw 
should be used to set the cutters forward about 0.008-inch for 
each dressing and the operation should be continued until the 
disk face is true and even* For dressing the large disks used 
on vertical spindle machines a special device is used which 
incorporates a long bar over which the truing head is traversed 
by a feed handle. 
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SECTION VII 

GRINDING MACHINES 


Grinding machines are divided into an almost endless vari- 
ety as the term is used to designate any machine equipped with 
abrasive means for finishing work. Broadly speaking, grind- 
ing machines fall into two classes, those for precision and 
rough work. Another subdivision classes machines for gen- 
eral and single-purpose operations. Thus a universal grinder 
can be called a general-purpose machine, while a grinder designed 
for fibaishing automotive-engine pistons is a special unit. Spe- 
cial grinding equipment is manufactured by a number of grind- 
ing machine makers, but in many plants the so-called home-made 
equipment is in evidence. In this section is described the grind- 
ing equipment listed as follows: 


AbruIvQ Flue 
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Anto-Parts Grindor 

Ball Grinding Maehin«B....M.^.». 

Balt Grinder 

Bench Grinder 
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Cutter-Head Grinder 
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GRINDING MACHINES 
Abrasive Flame 

One form of this device has a base like an ordinary wood 
plane and a rotary abrasive member of the pneumatic iype, 
that is an abrasive belt is stretched over a circular yidd- 
ing air sack. The abrasive member projects through the bot- 
tom of the base, an adjustment being provided to control the 
depth of cut. The tool is driven by a flexible shaft and used 
like an ordinary wood plane. Another form of abrasive plana 
incorporates an abrasive belt which runs over two drums with 
a metal backing piece between them. Power is supplied by an 
electric motor. As the belt traverses over the backing piece, 
the device is held in contact with the work and fed back and 
forth. Power is taken from a lighting circuit. 

Automatic Grinding Machines 

Any grinding machine arranged to load and discharge its 
work is an automatic unit. Many disk grinding TTifl/»'hiTii»a 
work on this principle. One type of cylindrical grinder used 
for finishin g small parts such as roller bearing rollers is auto- 
matic. The work is fed from a hopper to a position between 
the centers where it is clamped securely and fed to the wheel. 
After grinding, the piece is discharged and the cycle repeated. 
One type of surface grinder is provided with mea riB for feed- 
ing the work to the magnetic chuck, grinding it, setting down 
the wheel to compensate for wear and demagnetizing the work. 
A number of automatic surface grinders for finiatiing euch parts 
as piston rings, washers, etc., are in common use. The work 
is fed from an upright hopper to a feed plate which carries 
it to the magnetic chuck. After grinding it is discharged 
automatically. Internal grinding machines of the semiautomatic 
type are in common use. Such machines gage the work as It 
is ground, throwing out the coarse feed and letting in the fine 
feed for finishing automatically. They grind to a predetermined 
diameter. Automatic grinding machines, of course, are prac- 
ticable only in instances where extensive production campaigns 
warrant the expenditure of installing special equipment. Their 
use under favorable conditions is to be commended as it is 
productive of economical production results. 
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GEWDING MACHINES 


Auto-Pabts Gbimdeb 

wAn auto-parts grinding machine is one designed for hand- 
ling a varieiy of work in automobile service stations, such as 
crankshaft regrinding, piston grinding, etc. In reality it is a 
modification of a plain grinder fitted with attachments to adapt 
it to a variety of special operations. 

Ball Gbindino Machines 

These machines are of two types. A simple form of 
machine incorporates two grinding wheels, generally rubber 
bond, mounted one above the other. Between the wheels is 
interposed a feed plate with an annular slot that is set con- 
centric with the wheels. The object of the concentric location 
is to assure the passing of the balls over the entire surfaces 
of the wheels for otherwise they would be worn locally. 

A more complicated type of machine carries a large vitri- 
fied grinding wheel in a very hard grade and fine grit mounted 
on a horizontal spindle. The balls are fed into a riU plate and 
passing through a groove they are brought in contact with the 
wheel. In their second journey through they are automatically 
transferred to another groove in the rill plate, and so on. 
These machines are productive of very accurate results. 

Belt Gbindeb 

A name applied to a machine equipped with an endless 
abrasive belt traveling over two drums. Such a machine is 
used for finishing a diversity of flat surfaces. In reality it is 
a refinement of the strap polisher. Usually gages are provided 
for locating the work straight or at an angle, while the belt 
can be set at any angle from horizontal to vertical. 

Bench Gbindeb 

As the name implies, a bench grinder is a small grind- 
ing stand designed to be mounted on a bench. Such grinders, 
however, often are mounted on posts or on special pedestals. 
Bench grinders usually accommodate wheels from 12 inches in 
diameter and under. If larger wheels must be used it is a 
better plan to mount them on a floor grinder. 
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Gam Grinder 

A cam grinder is a machine designed for finishing auto- 
motive-engine cams and like work. These machines are divided 
into two classes, those for finishing single and multiple cams. 
The single-cam grinder is fitted with a work head which carries 
a master cam for generating the desired contour of the cam 
in process of grinding. 

Machines for finishing multiple cams are more complica- 
ted as it is necessary to provide a leader for each cam. These 
leaders, or master cams, are located in the workhead of the 
apparatus and by means of a sliding lever, the cam roll is 
moved from one leader to another as the various cams are 
finished. A lately improved machine embodies many refinements 
so that the number of manual operations have been reduced 
materially. 


Car-Wheel Grinder 

Car wheel grinders are of two general types. That is 
those designed for locating a pair of wheels on an axle 
between centers and those for grinding wheels individually. 
The former type is used extensively in repair work and the 
latter variety in the manufacture of new wheels. A car-wheel 
grinder of the first named type consists of a head and a tail- 
stock with means for locating the work between centers and 
rotating it in the usual way. Two grinding wheel heads are 
provided so that a pair of wheels can be ground simultaneously, 
thus reducing the grinding time by one-half. The other type 
of car wheel grinder for finishing individual wheels often is 
of the home-made variety. The car wheel is mounted by its 
hole and fed against the grinding wheel by means of a cross- 
feed screw. Such grinders are used also on repair work to 
some extent, but they are not as economical in operation as 
the first-named type as it is necessary to take the wheels from 
the axle and to grind them one at a time. 

Card-Clothing Grinders 

These are appliances for grinding the outer surface of 
card clothing as used on carding machines in doth manufac- 
ture. After the card dothing is stretched on the card cylinder. 
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the outer ends of the wires must be ground as it is essential 
for them to rotate in a true circle. The first operation is 
performed with a so-called dead-roll grinder. This appliance 
is a cylinder wound spirally with emery filleting cloth. The 
cylinder is located on the carding machine and brought against 
the card cylinder. The cylinder, aside from revolving, has a 
slight oscillating movement which aids the grinding action. A 
further operation is performed with a traverse grinder which 
embodies a solid grinding . wheel mounted on a holder that 
traverses back and forth over a central arbor. 

Casd-Cylimpeb Gbimdeb 

Card cylinders as used on carding machines are cast iron 
approximately five feet in diameter and four feet long. Their 
peripheries are finished accurately by grinding on a special 
machine which embodies means for locating and rotating the 
card cylinder on its shaft, while the grinding wheel is fed back 
and forth across the face. The wheel head fits a slide with a 
cross motion to control the depth of cut, while the wheel-head 
saddle traverses automatically on ways provided for the pur- 
pose. Due to the size of the rolls, card-cylinder grinding neces- 
sarily is a slow operation, but it is productive of much better 
results than could be attained by turning in a lathe. 

Center Grinders 

A term applied to a portable-type grinding attachment for 
fi-niahiTig engine-lathe centers. They are of various types and 
generally they are electrically driven. Some of these tools are 
simple; others quite complicated. They all employ means for 
feeding the wheel past the center at an angle of 80 degrees, 
so that a 60-degree included angle is generated on the center. 
Belt-driven center grinders are powered from an overhead pulley 
or driven from the engine lathe headstock cone. 

Centerless Grinding Machines 

Centerless grinding machines are not an innovation as it 
is said that the practice of finishing certain cylindrical parts 
for textile machinery were ground in this manner in Eng- 
land 50 or more years ago. Centerless grinding in this country 
has gained great prominence during the past decade, chiefly 
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in the automobile manufsctorinsr industry where production 
demands made efficient methods imperative. 

Centerless grinders, broadly speaking, are of two types; 
those with feed blocks and those with feed wheels. The former 
type is not used extensively at the present time. In this machine 
the wheel is trued at an angle while the work is slid through 
a locating block. The difference in surface speed between both 
sides of the wheel draws the work through the holder. Machines 
with feed wheels operate on a different principle. Here a 
slowly revolving feed whed guides the work past the grinding 
member. In one early type of machine the Reeves, the feed 
and grinding wheels are located at right angles with each other 
so that the face of the feed wheel is used. The Detroit machine 
incorporates a feed wheel located under the grinding wheel. 
The Heim, Sandford and Cincinnati machines have the feed and 
grinding wheels located in the same horizontal plane. The 
Cincinnati machine is the only one on the American market at 
the present time. 

In centerless grinding machines the work is placed in a 
feed trough which is set at an angle so that the work is con- 
veyed by gravity to the work rest, which is located between 
the whe^. Centerless grinders when operated intelligently can 
be depended upon to produce very accurate work as regards 
roimdness and parallelism. The usual practice is to feed the 
work through several times, a slight amount only being removed 
at each pass. Parts that can be handled to advantage on cen- 
terless machines include piston pins, push rods and a number of 
like parts. Large work, such as brake bands for automobiles 
and pistons, have been finished economically and satisfactorily 
on centerless machines. When it is necessary to grind a num- 
ber of comparatively short pieces, such as automobile-valve cam 
rollers, several are located on an arbor where they fit loosely. 
Thus a string of several, say 10 or 12, can be finished simul- 
taneously. As a rule work to be finished by centerless grind- 
ing should be at least as long as its diameter. 

A number of centerless grinding machines are adapted for 
finishing work up to shoulders. In this case the work is set 
in a special holder which is brought into grinding position 
between the wheels. In the category of such parts are automo- 
bile-engine valve stems, spring-shackle bolts, king pins, etc. 
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Also by means of special attachments it is possible to finlwb 
taper work. 

In the selection of wheels for centerless grinding the gen- 
eral rule that materials of low tensile strength, such as cast 
iron and brass, should be ground with carbide of silicon, while 
alumina abrasives are reserved for grinding high-tensile-strength 
materials, holds good. These wheels can be bonded by the vitri- 
fied, silicate or shellac processes. The latter bond is especially 
adaptable for wheels for fine finishing operations. Feed wheels 
can be vitrified elastic or rubber bond. 

Centerless grinding Incorporates the negative work speed 
feature since the action of the machine causes the work and 
the grinding wheel to revolve in the same direction. At one time 
it was thought that the negative work speed was a detriment 
to economical grinding but the success attained in centerless 
grinding has proved this to be a fallacy. 

Cbankshaft Grinder 

A cylindrical grinding machine fitted with means for locat- 
ing crankshafts in the offset position necessary to grind 
the pins is called a crankshaft grinder. A machine of this 
type generally embodies two work heads provided with offset 
fixtures for locating the work. The shaft is driven from both 
ends through the medium of a drive shaft that connects both 
heads. 

Cutter-Grinding IAachines 

These tools are of several types, a common variety being 
a small universal grinder. By equipping such a machine with 
a special geared head, spiral form cutters, spiral hobs, etc., can 
be ground. Another form of cutter grinder is equipped with 
a pair of centers between which the work can be located. 
Ordinary milling cutters are mounted on a special tubular holder 
which is slid back and forth over a round bar. This method 
is productive of accurate results. Special heads are required 
for grinding the side teeth of mills and cutters. Form-cutter 
grinding machines have provision for locating the work between 
centers on an arbor and feeding the cutter teeth past the side 
of a dish or saucer wheel. Thrae machines often are in the 
form of attachments to fit other machines. Many special cut- 
ter grinding machines also are in use. 
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Cuttbr-Head Gbimdeb 

A special griadinsr machine used for sharpening the cut- 
ter heads used on woodworking machines. Means are pro- 
vided for locating and rotating the head, the tooth in process 
of grinding being brought against an adjustable stop. A slid- 
ing table or like appliance also is provided for feeding the work 
past the wheel. The principle of cutter-head sharpening does 
not differ materially from that of sharpening milling cutters 
in ordinary machine shop practice. 

Cutting Off Gbinpbb 

A machine fitted with a thin, shellac, bakelite or rubber-bond 
wheel used for cutting cores, steel sections, tubing, etc. The 
work to be cut is located in a swinging V and in tiiis manner 
brought against the wheel. 

Cylinder Grinders 

Machines for finishing automobile engine cylinder blocks 
are called cylinder grinders. They incorporate means for locat- 
ing the work and a planetary motion spindle that controls the 
depth of cut. Such machines are made both for wet and dry 
operation. In some types of machines the wheel head is a fixed 
unit while the carriage can be moved sidewise in going from 
one bore to the next. In other types of machines i^e cylinder 
block remains in one position while the wheel head is traversed. 
Another type of grinder is operated on the vertical principle, 
that is the block is located on the platen in its natural position, 
while the grinding spindle operates vertically. It is claimed 
for this type of machine that it is very easy to operate. In 
other types of machines with horizontal spindles it is, of course, 
necessary to mount the block on an angle-iron fixture. 

Cyundbical Grinding Machines 

In the strictest sense of the word, cylindrical grinding 
machines include all types for finishing round work, both inter- 
nally and externally. In actual practice, however, cylindrical 
grinders embrace only machines used for the external finishing 
of round work. Such machines are of two general types, those 
incorporating a traveling platen and a fixed wheel head and 
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those equipped -with a fixed platen and a traversing wheel 
head. In general one design is as efficient as the other. Where 
the work is very heavy there is an advantage to traversing 
the lighter member, in this case the wheel head. Where the 
work is light it can be traversed without trouble. The diffi- 
culty encountered in traversing the table when grinding heavy 
work is that the shock of reversal of the heavy moving mem- 
ber must be overcome. 

Cylindrical grinders are divided into several types. The 
most common is the so-called plain grinder designed for finish- 
ing straight'and taper work. The universal grinder was designed 
primarily for tool-room work. It handles all kinds of work both 
straight and taper, internal and external and the so-called full 
universal machines can be utilized for surface grinding also. 
Modifications of cylindrical grinders are many. For example, 
automobile pistons and like parts are finished on a special 
grinder so arranged that the work can be located in place with 
a minimum amount of effort. Other special cylindrical grind- 
ers are designed for finishing work by feeding it toward the 
wheel without traversing it. Such machines work on the plunge- 
eut principle and usually they are equipped with means for 
moving the wheel laterally a slight distance back and forth with 
a slow motion to break up the wheel marks. 

Disk Gbinding Machines 

These machines are of several varieties. The simplest type 
carries a substantial spindle on which is mounted two steel 
disks, one at either end. The abrasive medium, either paper, 
cloth-back or heavy abrasive circles are cemented to the steel 
disk wheels. The work generally is held in a special fixture 
that is mounted on a rocking table. The rocking motion feeds 
the work past the abrasive disk. Such machines also are 
equipped with automatic feeding arrangements. 

The double disk grinder carries two disks, arranged face 
to face, witii an adjustable gap between them through which 
the work is fed. These machines also are equipped with auto- 
matic devices so that all that is necessary for the operator 
to do is to keep tiie feed chute full. 

A horizontal disk grinder has its disk wheel mounted on a 
vertical spindle. The work is held on the revolving disk by its 
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own weight or by being weighted in place as occasion requires. 
The work is prevented from turning with the disk by cross 
members provided for ihe purpose. These machines also are 
arranged for automatic operation in which case several loading 
stations are provided, the work being located in special fix- 
tures that are presented, one at a time, to the revolving disk. 

Various automatic disk grinding machines have been de- 
veloped during the past few years. They embody drums or feed 
dfalfH for locating the work and feeding it past the disk or 
disks, dei)ending on whether the machine is a single or double 
type. 

A recently developed disk grinder consists of a hand oper- 
ated device on the end of a fiexible shaft. Such units are used 
ttctensively in automobile body shops, car shops, etc., for finish- 
ing metal surfaces before painting. With an appliance of this 
kind one man can do several times the work in a day than he 
can perform by hand with a file or with abrasive paper or cloth. 

Dbill-Gbinding MACBINX)8 

A drill-grinding machine is an ingenious device for gen- 
erating the correct cutting angles on twist drills automatically 
or semiautomatically. The drill is located against a stop in a 
V-shape holder which is moved from a pivot in a circular path. 
Thus the machine generates the desired clearance automatically. 
Automatic drill grinders are equipped with means for feeding 
the V-holder back and forth automatically. Grinding on both 
types of machines is performed by feeding the work past the 
face of a cup or cylinder wheel. 

Flexible Grinder 

These units consist of a power member, such as an electric 
or air motor, and a flexible shaft enclosed in a substantial 
casting that terminates in an outer bearing for housing the 
wheel spindle. Such machines are very useful in foundries for 
cleaning odd-shape castings, in die shops for finishing drop-forge 
dies and in fact for any purpose where it is necessary to pre- 
sent the wheel to the work at various angles. Some makes of 
flexible-shaft grinders incorporate the driving unit on a por- 
table base so that the entire outfit can be taken from place to 
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place. Other installatioiiB consist of a permanently fixed motor 
so that the work must be brought to the machine. 

Floor Gbindeb 

A fioor grinder is nothing more or less than an ordinary 
grinding stand as used in foundries and machine shops for 
snagging castings and general grinding. Such machines must 
be constructed substantially to reduce vibration to a minimum 
and the wheels should be protected by adequate guards. Some 
years ago, these machines were built with babbitt bearings but 
of late years, ball and roller bearings have been substituted 
with excellent results. 

Gap Gbindeb 

A cylindrical grinding machine provided with a gap under 
the headstock front so that work such as locomotive piston and 
rod assemblies can be handled without disassembling the parts. 
The gap grinder is simply an adaptation of the gap lathe for 
abrasive purposes and it is used for similar work. 

Geab-Gbinding Machines 

Gear-grinding machines are of two types, the formed wheel 
and the generating machine. The formed-whed grinder carries 
an abrasive wheel the face of which is shaped accurately to 
grind the outline desired on the gear teeth. Three diamonds 
are used to form the wheel face; one for the periphery and 
one each for the convex-curved sides. The movement of the 
diamonds is controlled accurately so that the desired wheel 
shape always can be had. In grinding work on the formed- 
wheel m achi n e, the gears are located on an arbor which is 
placed between indexing centers. Then the teeth are fed under 
the wheel with a reciprocating motion. 

Generating grinders depend on mechanical means for actua- 
ting the work head to generate the necessary tooth curvatures 
These consist of steel tapes and master disks or master gears 
and master racks. Each type of machine possesses advantages. 
The work is held securely on the work spindle and indexed 
from tooth to tooth. Some types of machines carry large 
wheels for grinding the gears without traverse feeding. A 
small wheel used under these conditions would leave a sharp 
curve at the bottom of the tooth which would be objectionable. 
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GUIDE-BAB GBINDI!B 

A surface ffrmdiug machine equipped with a cylinder wheel 
and a reciprocating platen on which the work is mounted 
in a fixture or on angle irons. Such machines usually are 
called side surfacers and are used for a diversily of grinding 
operations. The guide-bar grinder, however, is the prototype 
of such machines, having been in use for over 80 years. 

Hand GBiin>siB 

A term applied to a small portable grinding machine ar- 
ranged for fastening on a bench or other support. These tools 
also are called household grinders. The wheel spindle generally 
is driven by a pinion that meshes with a large spur gear, the 
shaft on whidi the latter is mounted being rotated by a hand 
crank. The gearing usually is enclosed. Some types of hand 
grinders are fitted with various devices for locating tools for 
sharpening. For example, it is a difficult matter to grind a 
tool such as a woodworkers’ chisel, holding it in one hand as 
the other hand is necessary for supplying the motive power. 
With a suitable work rest, the tool can be held and guided 
with one hand. While these grinders were designed primarily 
for household and farm use, they are used in large numbers hy 
contractors, electricians, tile setters, etc., in place of the foot 
power grindstones formerly used. Both carbide of silicon and 
alumina wheels are supplied with hand grinders. While car- 
hide of silicon is not a steel finishing abrasive, in the strictest 
sense of the word, it seems to give good results on hand grind- 
ers. This may be due to the low peripheral speed at which the 
wheel is operated. This seldom exceeds 2000 feet per minute 
and it often is not over 1000. 

Habbow-Dise Gbindeb 

A machine for grinding and polishing the disks used on 
harrows and cultivators. The disk is mounted on a spindle and 
brought against the grinding wheel. A feed arrangement usually 
is provided, but in the simpler types of these machines, the 
grinding wheel serves to feed the work. As the peripheral 
speeds of various sections of the disk surface vary, it is obvious 
that an imaginary circle passing under one edge of the grind- 
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ing wheel will travel faster than an imaginary circle passing 
under the other edge. One serves as a brake on the other and 
results in a satisfactory feeding arrangement. 

Hob Gbimdeb 

As its name implies, this machine is a special grinder for 
sharpening hobs, either straight or spiral. It consists of a 
grinding wheel mounted on a horizontal spindle and a work head 
and foot stock, between which the work is mounted, usually on 
an arbor. For the grinding of spiral hobs, the work head can 
be geared so that the spindle toms a predetermined amount 
for each foot of advance. A chart is supplied with the machine 
whidb lists the gear combinations to use for generating various 
leads. A hob grinding machine in this respect operates like 
a universal mining machine when arranged for cutting spirals. 

Hoe Gbindeb 

A term applied to a machine used in making hoes and 
forks. It embodies a grinding wheel over which is mounted 
a pressure roller that is controlled by a foot treadle which 
enables the operator to hold the work firmly against the top 
of the wheel, leaving his hands free to manipulate it. 

HolliOW-Wabe Gbindeb 

A special machine equipped with a spindle fitted with a 
chuck for holding the work, a grinding wheel head and means 
for rotating and feeding the work. The work-spindle housing 
is provided with a rocking motion controlled by a hand lever 
to feed the work past the wheel. The whed is mounted in a 
holder which slides longitudinally to control the depth of cut. 
The various motions necessarily must be flexible to permit the 
wheel to conform to the shape of the stock. Otherwise an 
excess amount of material would have to be removed to clean up 
specific surfaces. Wheels for hollow-ware grinding are operated 
at approximately 4000 feet per minute peripheral travel. 

Home-Made Gbinding Eqttipmemt 

While there are over 200 manufacturers of grinding machin- 
ery for various purposes in the United States, the use of home- 
made grinding equipment is quite common. The reason for this 
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is not clear as it would seem that machines could be purchased 
from manufacturers cheaper than they could be produced lo- 
cally. However,, there may be lofi:ical reasons why it is prac- 
ticable to construct special grinding equipment of the home-made 
variety. 

Surface grinders for large work, such as finishing railroad 
frogs and switches, often are improvised from iron planers, 
preferably of the open-side type. All that is necessary is to 
equip a slow table feed arrangement and to locate a grinding 
wheel on the cross-rail saddle. A fair percentage of the swing- 
frame grinding machines in use today are home made, each mas- 
ter mechanic seeming to have his own ideas regarding these 
simple, but useful machines. Car-wheel grinders of various 
types often are home made also. Precision grinding machines, 
however, generally are purchased from manufacturers of such 
tools. 

In some instances it may be policy to resort to home-made 
machines but in the majority of instances it will pay the man- 
ufacturer to consult the catalogs of grinding machine manu- 
facturers and to obtain quotations and data on specific machines 
before attempting to build such tools himself. 

Honino Machines 

Honing machines are divided into two classes, those for in- 
ternal and external work. Internal honing machines are used 
principally for finishin g the bores of automotive engine cylin- 
ders. Two varieties are used, the single and multiple-spindle 
types. A single-spindle machine finishes one bore at a fa'mo 
while the multiple-spindle machine hones all the bores in a cylin- 
der block simultaneously. Honing machines often are devised 
from multiple-spindle drilling machines, but the tools designed 
especially for honing are productive of the best results. Honing 
machines provide means for rotating the hones a predetermined 
number of degrees while they are fed through the cylinder 
block. During the process of honing the work is lubricated with 
coal oil. Modem honing machines such as the Hutto grinder 
embody a number of refinements for expediting the operation. 

Honing heads consist of steel or aluminum bodies carrying 
a number of atones, four, five or more. These stones are car- 
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bide of silicon, carefully tested for grade, and located in steel 
shoes, generally. Provision is made for keeping the hones in 
contact with the work through springs or other means. 

The terms honing and grinding are used to designate the 
operation of finishing cylinder bores by the process in ques- 
tion, but the former term is perhaps the more widely used. 

At the present time considerable progress is being made in 
tile development of honing machines for external surfaces. The 
Schraner honing machine is a special unit designed for honing 
the main and pin bearings of automotive-engine crankshafts. 
The machine is provided with arms equipped with abrasive 
shoes or hones that are kept in contact with the work tiirough 
spring action. AU the bearings on one shaft are honed simul- 
taneonsly. The work is lubricated with coal oil, but constant 
experimentation is being carried on to adapt other less-expen- 
sive lubricating mediums. 

Internal Grinding Machines 

The simplest form of an internal grinding machine is a 
tool-post grinder mounted on an engine latiie. Another type 
called a push-spindle grinder is used on precision bench lathes. 
The spindle of such a grinder is fed back and forth by a hand 
knob. Another simple form of internal grinder is the attach- 
ment used on universal grinding machines for internal work. 
Such a device usually is fastened to the wheel head, being driven 
from a pulley on tiie main grinder spindle. 

Rapid progress made in production grinding during the 
past few years has resulted in the development of a number of 
efficient internal grinding machines, both for hand and power 
feed. Hand-feed grinders are used in finishing comparatively 
short pieces and many production engineers favor them for this 
work. For finishing holes over two inches deep, it is the better 
plan to utilize a machine with a power feed. An ordinary in- 
ternal grinding machine consists essentially of a work head 
and a grinding wheel head. The grinding wheel head generally 
is mounted on a traversing carriage. 

Many modifications of the above tsrpe have been developed 
such as the double-head grinder capable of finishing two holes 
in one piece simultaneously. In this case the work is located 
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between two wheel spindles. The majority of internal grinding 
machines operate on the horizontal principle, but a few vertical 
internal grinders have been developed that show efficiency' in 
operation. Internal grinders also are arranged for automatic 
operation. 


Knife Gbindebs 

Knife grinding machines are divided into various kinds, 
but in general they are of two types, those equipped with disk 
and cup or cylinder wheels respectively. The knife is held on 
an adjustable work head and fed past the wheel with an au- 
tomatic movement. One type of knife grinder locates the work 
stationary while the wheel traverses. The majority of knife 
grinding machines are equipped with a water supply for cool- 
ing the work, which is most essential. 

As to the best type of wheel, whether disk or cup, opinions 
differ. The disk wheel leaves the knife slightly concave and, 
of course, the degree of concavity increases as the wheel wears 
away. By many, this is looked upon as an objection. However, 
to offset this, the disk wheel is comparatively free cutting. The 
cup or cylinder wheel leaves the knife bevel straight, or if a con- 
cavily is wanted it can be generated by locating the table at 
an angle. To offset the advantages of the cup or cylinder wheel, 
such units are not as free cutting as the disk wheel. 

Knife grinding is essentially a precision operation and of 
late years machines designed for this purpose have been con- 
structed with a degree of care that was not practiced some years 
ago. 


Knife Jointer 

A device used for jointing tiie knives on woodworking 
planers to bring iheir cutting edges in the same circle. After 
the newly ground knives are mounted in position on the cut- 
ter head, the jointer is passed over each to remove enough metal 
from high sections to bring each cutting edge the same dis- 
tance from the cutter head center. Both wheels and abrasive 
stones are used for jointing knives, and the modem types of 
wood planers are equipped with jointing devices invariably. 
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Lap Gbimdeb 

A term applied to a special surface grinding machine de- 
signed for grinding the ends of band saws on a taper before 
they are brazed. Such machines incorporate a wheel and spin- 
dle and an adjustable table for locating the work at an angle. 
While these grinders are used intermittently only, that is in saw- 
mill filing rooms, they form a very important part of the equip- 
ment, for accurate bevels on the saw ends are necessary to 
carry out a good job of saw brazing. 

Lapping Machines 

These machines are of various types ranging all the way 
from the simple face-plate lap to the complicated units for 
fiTiiflhiTig accurate gages. Face-plate laps are of two kinds, hori- 
zontal and vertical. They are made of cast iron, lead, copper 
or tin. Cast iron makes the most durable lap, but the other 
mentioned metals hold the abrasive better. In many instances 
a mistake is made in operating rotary laps at too great a speed. 

Piston pins, round gages, etc., are lapped on a special ma- 
chine embo^ng two cast iron laps between which the work is 
interposed. The work is located on a spider, one spider ac- 
commodating from 15 to 30 pieces, depending on their size. 
They are located at an angle from the radial line which re- 
sults in a shearing action. The lapping medium is fiour emery 
or manufactured fiour corundum. 

The lapping machines used for finishing fiat gages such as 
size blocks are more complicated in design, but in general they 
embody means for locating the work between two rotary laps 
and feeding it in such a manner that the entire lapping sur- 
face is utilized. The laps must be made and maintained very 
accurately. The Pratt & Whitney Co. has made great progress 
in this line. 

A novel machine is in use at the plant of the Nordyke & 
Marmon Co., for leveling the bottoms of aluminum-alloy 
crank cases. This machine is improved from a radial 
drill. A large bed plate is provided over which the work is 
caused to rotate and oscillate at the same time. Powdered 
giftHH and oil is the cutting agent. 
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Naht-Dib Gbimdeb 

A simple machine for sharpeninir nail dies. One end of 
the spindle is provided with a cup or cylinder wheel and an 
adjustable horizontal slide on which the work is mounted, while 
the other end of the spindle carries several grinding wheels with 
round faces of various radii. These are used for grinding out 
the die depressions. 


OEiSTONE GbINDEB 

A woodworking tool grinder usually equipped with several 
wheels such as a coarse and a fine for chisel and plane-iron 
sharpening, a cone wheel for grinding gouges, a wheel for gen- 
eral work and a leather faced stropping wheel. A carriage 
usually is provided with a fixture in which tools such as chisels 
can be located. The wheels are lubricated with coal oil which 
is applied to the inner or cupped portion so that it is thrown 
out by centrifugal action. These machines are used in pat- 
tern shops and in manual training schools. 

Peabl-Gbimding Machines 

Pearl button blanks are ground to the desired thickness 
on a machine technically termed a backing machine. It is 
equipped with a carbide-of-silicon wheel under which the work 
is carried by a horizontal canvas belt. The operator places the 
buttons on the belt by hand and they are disc^rged by gravity 
at the other end. Such machines are equipped with an exhaust 
hood for carrying away the dust. 

Another madiine called a rounding machine is used ex- 
tensively. This machine is equipped with a number of chucks 
in whi^ the operator places the buttons. The chucks rotate 
in a circular path and at a certain point in the cycle they are 
closed automatically. Then they are carried under the periph- 
ery of a grinding wheel. The chuck holding the button re- 
volves so that a formed wheel generates the desired contour. 

A so-caUed button-making machine is a complicated affair 
for performing several button making operations in sequence. 
In the operation of such a machine the blanks are placed, one 
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at a time, in depressions in a feed plate. As this plate revolves 
the blanks pass under a carbide-of-silicon grindinjr wheel From 
the feed plate the buttons pass to chucks that grip tiiem auto- 
matically and feed them imder turning tools. These tools are 
kept sharp constantly by an alumina wheel which grinds them 
automatically. The chucks with the buttons now pass to the 
drilling operation where small drills pierce the necessary holes. One 
hole usually is drilled at a time and when four are desired four 
drilling stations are passed in sequence, the button blank mak- 
ing a quarter turn between each. The chucks then unclamp au- 
tomatically and the buttons are removed by air suction. 

Piston Gbindeb 

A cylindrical grinding machine adapted for the rapid finish- 
ing of automobile engine pistons is generally termed a piston 
grinder. Such machines usually embody means for the quick 
location of the work directly on the work-head spindle so that 
it is not necessary to place the parts between centers. A special 
Landis piston grinder also incorporates means for grinding the 
relief at the piston-pin holes after the part has been ground 
cylindrically. A cam movement generates the relief clearance. 

Flow Gbindeb 

A plow grinder is a heavy type of fioor grinder designed 
sufficiently rigid to accommodate a comparatively large wheel, 
say SO in^es in diameter with a 4-inch face. The base is made 
sufficiently high so that the work can be presented to the under 
side of the wheel while the spindle bearings are long to reduce 
vibration. The work is held in a special cradle so arranged that 
it can be passed back and forth under the wheel readily. 

Plunge-Cut Gbindeb 

A cylindrical grinding machine designed to finish work 
without traversing it. Such machines are fitted with wide-face 
wheels while the work is located between centers in the usual 
way. These machines were developed for the automotive in- 
dustry, principally. Late models of plunge-cut grinders are 
fitted with a device for oscillating the wheel and spindle slight- 
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ly to break up the wheel marks on the work. Before the in- 
troduction of this refinement, the operator had to oscillate the 
wheel or the work himself, the member to oscillate depending 
on the design of the madhine. Plunge-cut grinders are eco- 
nomical producers. 

POKTABIiE! GBIMDEBS 

A general term applied to any grinder that can be moved 
from place to place. The majority of portable grinders are 
electrically driven, usually by a motor ranging from yi to % 
horsepower, depending on the size of grinding wh^. Portable 
grinders are used by hand, but the heavier units often are sus- 
pended by an overhead cable so that the operator can utilize 
all his energy in guiding the wheel. Pneumatic portable grinders 
are used for a diversity of purposes where air Hues are avail- 
able. These grinders are powered by both rotary and recipro- 
cating motors. 

Pbofuji Gbimdeb 

A type of machine used extensivdbr for generating profiles 
on hardened work such as irregular gages. The machine em- 
bodies a grinding head and a platen mounted on a trunnion arm 
so that it can be moved back and forth to and away from the 
wheel. A master plate is located on one end of the wheel head 
against which a hardened pin bears. As the platen is moved 
sidewise, the action of the pin over the master moves the platen 
in and out duplicating the necessary motion to generate the 
outline on the work by the grinding wheel. 

Radial Grindeb 

A machine used ertensively in ball bearing manufacture 
for generating radii on ball races. It embodies a work-holding 
rotating device that can be oscillated about a center which per- 
mits the wheel periphery to generate a true radius. Radial 
grinders also are employed for generating spherical surfaces, for 
instance ball ends for automobile steering parts, etc. In this 
case the head carrying the work is oscillated, while the wheel is 
provided with a concave face. 

RoLL-GamDiNG Machines 

Roll grinding machines broadly can be divided into three 
general types; that is to say machines for finishing paper mill 
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calender rolls, steel mill rolls and grain rolls. Many other 
types of small rolls, such as those for rolling precious metals 
(jeweler’s rolls) are finished in ordinary cylindrical grinding 
madiineB. 

Grinders for finishing paper mill rolls generally embody a 
long bed over which the roll is mounted by its journals, being 
driven by a flexible coupling. Two grinding wheels are em- 
ployed, one working on either side of the roll. The whed 
heads hang by means of levers from a knife-edge bar so that 
their action in going over the roll is exactly like that of a ma- 
chinist passing a pair of calipers along a piece of turned work. 
The object of the arrangement is to insure true rolls. These 
machines also are equipped with crowning devices so that it is 
possible to generate a crown on the roll automatically to offset 
its sag, through weight. 

Steel-mill roUs generally are ground on massive machines 
that resemble ordinary plain cylindrical grinding madflnes. As 
may be imagined, heavy substantial machines are necessary. 
The work does not traverse, the wheel head traversing instead. 
Such machines have crowning devices. 

Grain rolls generally are ground on the same type of ma- 
chine used for flnishing paper mill rolls, although smaller ma- 
chines, of course, can be utilized. It is not necessary to equip 
these smaller machines with crowning devices. 

Saw Gbindebs 

Such machines are divided broadly into two types, those for 
sharpening wood working and metal cutting saws respectively. 
The so-called saw-gumming machines are used for sharpening 
wood saws. They are divided into two types — ^those for sharp- 
ening band and circular saws. A band saw sharpening ma- 
chine consists of a wheel head and spindle that is moved by a 
ftftm motion to generate the correct contour to the teeth as ihey 
are fed beneath the wheel by pawls provided for the purpose. 
Such machines are automatic in motion. The band saw is lo- 
cated on rollers and is passed around two wood pulleys set 
horizontally. The saw is free to move as the feed pawls ac- 
tuate it. The part of the saw in process of grinding is guided 
between an upright at the back and a bracket at the front 

A circular saw gummer does not differ from a band saw 
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machine except that means are employed for locating tihe sa'W 
on a stud. This stud is adjustable in height to take care of 
different diameter saws, and is provided with bushings or steps 
for accommodatmg different size holes. The saw is rotated, 
tooth by tooth, by feed pawls. For sharpening certain types of 
cut-off saws, madiines are provided with a swiveling head which 
is controlled automatically. Thus the teeth angles are generated 
readily. Modem saw-grinding machines are of the cabinet 
type BO that their working parts are protected from abrasive 
grit. 

A special machine built on the general design of a saw 
gumming machine is provided for sharpening hack saw blades, 
small circular saws, etc. Such machines are economical to op- 
erate and they recondition saws that otherwise would go to the 
scrap pile. 

Sicelb-Bladb Gbindeb 

A more or leas practical device for grinding sickle bars as 
used in mowing machines. The wheel is comparatively wide 
and provided with two angles with the apex at the center. The 
angles thus formed serve to grind the V-shape teeth on the 
sickle bar. These machines are operated manually or by power. 

Stove-Plate Grinder 

A grinding machine designed for finishing stove tops after 
assembly so that the surfaces of the various components will 
lay evenly. Some of these machines are home-made. All tsrpes 
embody means for locating the work and feeding it under a car- 
bide-of-silicon wheel, or feeding the wheel over the work, ac- 
cording to the design of the machine. 

Surface-Grinding Machines 

Surface-grinding machines are used for a diversity of pur- 
poses in tool-room and production grinding operations. They 
can be divided into 12 general types as follows: 

1 — Fixed platen wi^ a disk wheel mounted on a horizontal 
spindle. 

2 — ^Flxed platen with a traversing cup or ^rlinder wheel 
mounted on a horizontal spindle. 

8 — ^Reciprocating platen with a disk wheel mounted on a 
horizontal spindle. 
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4 — ^Reciprocating platen with a cup or t^Iinder wheel 
mounted on a vertical spindle. 

5 — ^Reciprocating platen with a cup or (^linder wheel 
mounted on a horizontal spindle. 

6 — ^Rotary platen with a cup or cylinder wheel mounted on 
a vertical spindle. 

7 — ^Rotary platen with a disk wheel mounted on a hori- 
zontal spindle. 

8 — Oscillating platen with a cup or cylinder wheel mounted 
on a horizontal spindle. 

9 — ^Fized platen with a cup or cylinder wheel mounted on 
a horizontal oscillating spindle. 

10 — Link grinding machines. 

11 — ^Universal grinding machines. 

12 — ^Disk grinding machines. 

The first type — ^fixed platen with a disk wheel mounted on a 
horizontal spindle, is the earliest form of surface grinder. The 
platen is provided with a vertical adjustment which controls 
the depth of cut. Grinding is performed by passing the work 
by hand under the wheel, changing the passage angle 90 de- 
grees occasionally. This is technically termed “spot grinding’' 
and in the hands of an expert such a machine gives very ac- 
curate results, although it is a comparatively slow producer. 
These machines are used extensively for some kinds of die 
grinding and for other surface grinding of an intermittent na- 
ture where the amount of grinding does not warrant the pur- 
chase of a more expensive tool. 

The second iype — ^fixed platen with a traversing cup or 
cylinder wheel, is used largely for edging plates such as used 
in safe construction. The work is located on a horizontal 
platen, or table, and the wheel head is fed back and forth over 
ways, automatically. Such machines perform better work than 
a planer as they are operated more readily. 

The third type — reciprocating platen and a disk wheel 
mounted on a horizontal spindle, is used extensively in tool- 
room and production work. The platen is actuated by power 
while an automatic cross-feed arrangement moves the platen 
saddle sidewise at each stroke of the table. The wheel hous- 
ing travels vertically between uprights by means of which the 
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depth of cut is controlled. Graduations are provided on tiie 
elevating wheel to facilitate close settings. 

The fourth t3l>e — reciprocating platen with a cup or (^lin- 
der wheel mounted on a vertical spindle, is used extensively in 
production grinding. Usually no cross feed is provided as the 
wheel is wide enough to cover the entire platen. These ma- 
chines usually Sre equipped with magnetic chucks. 

The fifth lype — ^reciprocating platen with a cup or cyliuder 
wheel mounted on a horizontal spindle, is essenti^ly a produc- 
tion tooL The first use to which these machines were put was 
finishing locomotive guide bars. At the present time, however, 
they are used extensively on a number of production operations, 
fini^ng work directly from rough castings in less time than is 
required for planing or milling. 

The sixth type — ^rotary platen with a cup or cylinder wheel 
mounted on a vertical spindle, is an efficient imit for produc- 
tion operations. These grinders are of two types. One type 
is operated by feeding the whed dovmward to the work by banH 
until the wheel slide comes against a stop which controls the 
depth of cut. The sides of metal slitting saws, for example, can 
be finished economically on machines of this t]rpe. The work 
is located on a magnetic chuck. The larger tippe maftbinw ia 
equipped with a magnetic chuck on which the work is located. 
The chuck is moved forward for loading after which it is tra- 
versed to the grinding position. The wheel is fed down auto- 
matically as the chuck rotates. Such machines are rapid pro- 
ducers and are used for finishing parts ranging all the way from 
snudl thrust washers to automobile engine cylinder blocks. 

The seventh type— rotary platen with a disk wheel mounted 
on a horizontal spindle, is essentially a production TMn<»biT». 
It performs very accurate work. The parts to be ground are 
located on a magnetic chuck. Smaller ^es of these mn^tiiTinn 
are equipped with a reciprocating ram on which the wheel head 
is mounted. Larger machines of this type resemble somewhat 
a metal boring madiine, or vertical lathe. 

The eighth type— oscillating platen with a cup or cylinder 
wheel mounted on a horizontal spindle, is a production twupTiItio 
T he work is located on special fixtures and fed back and forth 
past the wheel face by the oscillating motion of the platen. 
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The ninth type — ^fized platen with a cup or cylinder wheel 
mounted on a horizontal osciUatinsr spindle, embodies a fixed 
platen on which the work is located while grinding is performed 
by the oscillating motion of the wheel The whed spindle is 
mounted in a heavy yoke member which oscillates over a trun- 
nion at the machine base. 

The tenth type — ^link grinding machines, are essentially a 
special tool for finishing locomotive valve-motion links. They 
embody a platen on which the work is located and an adjust- 
able bar by means of which the platen is given an oscillating 
motion to generate the necessary curvature. Grinding is per- 
formed by a small wheel mounted on a vertical spindle. The 
inherent weakness of some of the older types of these machines 
was that the wheel spindle speed was too slow for efficient 
grinding. 

The eleventh type — ^universal grinding machines, sometimes 
are used for surface grinding. 

The twelfth type — disk grinding machines, are essentially 
surface grinders as they are iised for generating planes. 

Swing-Frame Grinders 

Swing-frame grinders are used for finishing bulky cast- 
ings, etc., that cannot be handled readily on other types of ma- 
chines. They are of various typos, stationary and portable. The 
ordinary type consists of a wheel and spindle mounted on the 
end of a horizontal support. This bar in turn is fastened to a 
vertical member that is located overhead. Thus the grinder 
can be moved back and forth over the work readily by means of 
two handles. The wheel spindle also is arranged so that it can 
be brought at an angle from the horizontal, either way, to get 
the wheel into confined places. • The wheel usually is mounted 
between two bearings, while power is supplied through two 
belts and a jackshaft which forms the fulcrum between the hori- 
zontal and vertical supports. Another type of swing-frame 
grinder has a wheel mounted at the end of the shaft so that 
wheel ftViftwgiTig can be accomplished readily. Some swing- 
frame machines are electrically driven either by belts or shafts. 
Portable swing-frame grinders are mounted on a base so that 
the grinder can be moved to the most convenient location. The 
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spindle bearings of swing-frame grinders are babbitt, roller or 
ball iype. The two latter types are to be preferred for operat- 
ing rubber bond wheels which must be run at high peripheral 
vdocities to show efficiency. In general practice ^e wheel 
spindle is located so that the whed revolves toward the opera- 
tor. One type of swing-frame machine, however, has the wheel 
located at right angles from this position. 

Thread Grinder 

As its name implies, a thread grinder is a machine for 
flniflMn g accurately screw threads, generally after they are 
hardened. Such a machine consists essentially of means for 
locating and rotating the work and a very accurate lead screw 
for traversing the wheel. Grinding is performed with an elas- 
tic bond whed trued to the necessary thread angle. In some 
instances, two wheds are used, one to generate each side of 
the thread angle. 

Tool Grinders 

A tool grinder is primarily a machine for sharpening lathe 
and planer tools. These machines are of various types, but they 
usually incorporate means for wet grinding, the water bdng 
supplied by a pump or by a trough that is moved upward by a 
hand lever when the machine is in use. The wheels on such 
machines usually are mounted between two bearings. Semi- 
automatic tool grinders are equipped with means for locating 
the work at the correct angles for grinding various tools. The 
use of these madiines is to be recommended as a tool-crib at- 
tendant, even though he is not a skilled mechanic, can sharpen 
tools in his spare moments. Thus a supply of sharp tools, ground 
at the correct cutting angles, always can be kept on hand. Such 
machines are supplied with charts to enable the operator to 
make the various adjustments to generate the desired clearance 
angles correctly. 

Tool-Post Grinders 

The tool-post grinder represents the first attempt to finiali 
cylindrical work by grinding a half century ago and all the 
cylindrical grinding machines of today are refinements of this 
simple device. Tool-post grinders are used today for certain 
classes of grinding, being either belt or electrically driven. An 
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ordinary tool-post grinder consists of a forked holder that fits 
the tool post of an engine lathe. The forked end accommodates 
the spindle bearings. Power is supplied by means of an over- 
head belt driven from a drum. An electric tool-post grinder 
embodies an electric motor, the armature shaft and the wheel 
spindle being an integral unit. The device is held in the tool 
post by a shank or fastened directly to the tool-post slide. Such 
grinders are used for a diversity of purposes in repair shops and 
other plants where the amount of grinding does not warrant the 
installation of an expensive grinder. They also can be used for 
finishing work that ordinarily cannot be located on a grinding 
machine. 


Tback-Geinmng Machines 

These machines are used for grinding street railway tracks 
and are of two types. One model carries a grinding wheel whidh 
is brought in contact with the rail to be ground, while the entire 
device which is mounted on four wheels generally, is moved back 
and forth. The other model is called an abrasive plane. Its 
abrasive medium is a block, or rubstone, which is brought in 
contact with the rail and vibrated back and forth. 

UmvERSAL Grinders 

As its name implies such a machine can be used for a di- 
versity of purposes. As commonly understood, a universal 
grinder is one capable of handling cylindrical work taper or 
straight, internal or external. The headstock can be swiveled 
for face grinding also. The headstock spindle can be rotated so 
that grinding fixtures can be located and driven from the spin- 
dle nose. On some tsnP^s of universal grinders the wheel head 
can be adjusted so that it is possible to grind two tapers at one 
setting. Some universal grinders also can be arranged to han- 
dle surface-grinding operations. Such a machine is called a 
full universal to distinguish it from a machine that handles 
cylindrical and face work only. This term is open to excep- 
tions, however, since surface grinding can be performed on any 
universal grinder by locating the work in the face headstock 
chuck or on the headstock face plate, setting the headstock 
spindle at an angle of 90 degrees with the grinding wheel spindle. 
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Valvd-Gbinding Machines 

A name applied to a small grinder used for refadng the 
valves of automobile and other internal combustion engines. It 
embodies a motor for driving the grinding wheel and a work- 
locating head, fitted with a drawin chuck for holding the valve 
by its stem. Various size chucks are provided to accommodate 
different valve stem diameters. The work head is set at an 
angle with the wheel axis and grinding accomplished by feed- 
ing one member past the other by a hand lever provided for the 
purpose. The machines used in automobile factories for seating 
valves with abrasive and emery also are called valve grinding 
machines. In reality these are valve seating units. 



SECTION vin 

GRINDING PRACTICE 

In this section are included a large number of grinding oper- 
ations which do not fall readily under spedflc headings, arranged 
alphabetically as follows: 


Pfiffe 

Ahunliiuin Gtindln^ 170 

Anvil Grlndlnff 170 

Angcr-Btt Orlndliw 171 

Au-Qrindimr PmetlM 171 

Ball Grlndlns 178 

Ball-Bflarlnff Grinding 176 

Bad-Way Chrlndlnff 170 

Bnn Grinding 178 

Ou^Whaal Gnndlnff 178 

Oard-Oloihlnv GrladlBg 170 

Ohaia-LInk Grinding 188 

Ohlfel Bluupaninff 181 

OonnaetiBg Bod Orlndlns 186 

OomMT Grinding 185 

OiitlOT Giindlns ...... 186 

Onttar Sharpanlnff ............. — ...... 188 

Onttinff Bted and Tabinc 105 

Gyllndar-Gxindlnff Praetloe .«,... — ... — ... 106 

Dla Grinding 107 

DrIU Grindln* 100 

PiU Grinding ... ....... 205 

l^ork, Haifa and Hoa Grinding ........... 807 

Froff and Swlteh Grlndlns... 810 

Gaar Orindlnff ........... 818 

HoUow-Wara Grinding 816 

Intarnal Grinding ...... ........... . .......... 217 

JlguBntton Grinding 880 

Eayway Grinding .............. 880 

Grinding 880 

Lawn^JCowar Sharpening 887 

ICaat-Ontter Enlfa Grinding ................ 887 

PIpa-Ball Grinding 288 


Page 

Platon Grinding 888 

Platon-Fln Grinding ............................. 880 

Platon-Pln Hole Grinding .................. 880 

Platon-Blng Grinding ......................... 840 

Platon-Pln Hole Rallaf Grinding ......... 840 

Plow Grinding 841 

Plow-Point Grinding .......................... 848 

Pnlley Grinding 848 

Ballroad Shop Grindl^ 844 

Baamar and Tap Flnta Grinding 846 

Bagrindlng Antomotlva Farta.................. 846 

Bou Grinding 861 

Boll Scouring 855 

Sad-Iron Grinding 856 

Safa Grinding ......... .......................... 856 

Saw Grinding 867 

Saw-MUl Whaal Grinding 860 

Shaar-Blada Grinding ......................... 860 

Shovri Grinding 860 

Skate Grinding — ............. 861 

Skiving Machine Enlfa Grinding ........ 861 

Spring Grinding - 861 

SqnaroSola Grinding 868 

Stallita Grinding 868 

Stova-Flata Grinding 266 

Snrfaea Grinding 866 

Thread Grinding 276 

Thraad-Chaaar Grinding 877 

Tool Grinding ... 877 

Track Grinding 870 

Valve Grinding 884 

Wobbla-Wbaal Grinding 886 
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GRINDING PRACnCE 
Aluminuu Gbindimg 

Aluminum is one of the most difficult of metals to grind as 
it shows a tendency to load the wheel. For ordinary rough 
grinding in foundries, both carbide of silicon and aluminum 
oxide wheels have been used successfully. Carbide of silicon 
wheels, in elastic bond, however, are preferred by many grind- 
ing room foremen. For the cylindrical grinding of aluminum 
pistons carbide of silicon in vitrified bond generally is recom- 
mended. The practice of the Oakland Motor Co. in aluminum 
piston grinding is to operate the wheel at a peripheral travel 
of 6500 feet per minute while the work speed is 20 feet per 
minute. A number of cutting compounds have been tried for 
aluminum grinding. Some operators prefer coal oil, but owing 
to the inflammable nature of this agent its use should be dis- 
couraged. Excellent results have been obtained with ordinary 
sal soda and water or any of the prepared grinding compounds. 
In some instances a small amount of coal oil, and in some 
cases machine oil is added to the mixture. Aluminum pistons 
can be ground by feeding the work directly to the wheel or by 
the traverse method. Both methods have their advantages and 
disadvantages so that experimentation is the only safe guide. 
For the surface grinding of aluminum with cylinder wheels, 
carbide of silicon in vitrified bond generally is used. As alumi- 
num cannot be held by magnetic attraction it is necessary to 
provide special holding fixtures to locate the work. 

Anvil Grinding 

Sted faces of anvils formerly were ground under large 
grindstones, but present-day practice favors the use of modem 
abraflve equipment. After the anvil castings have been cleaned 
and inspected, the anvil face is ground to a true, smooth sur- 
face under a swing-frame grinder or a modem surface grind- 
ing machine of the side-surfacer tsrpe. The latter machine is 
considered the most efficient equipment for this operation as 
comparativdy heavy cuts can be taken, which expedites the 
operation. The machines in question generally are fitted with 
sectional aluminum-oxide wheels while the grinding operation 
is performed wet. 
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Augeh-Bit Gbimding 

At the plant of the Job T. Pugh Co. the following processes 
are followed in the manufacture of auger bits: First the stock 
is heated and drawn out under a trip hammer. Next the part 
to form the screw at the end of the bit is formed under special 
dies. The stock is reheated for this purpose. The stodc is 
then given the necessary spiral shape by an operation tech- 
nically termed wringing up. This is accomplished in a machine 
called a tvnater. It is operated by a hand crank, one end of 
the bit, which has been heated previously being held rigidly, 
while tile shank end is turned by the hand crank. After tills 
operation a certain amount of irregularity is present. This 
is corrected by striking up the metal between special dies. This 
operation is called crimping. Next the head or cutting end 
of the bit is struck up under dies in a power press. After 
annealing and straightening, the outer portion is machined to 
the desired size by turning in a special lathe. The end of the 
bit then is fitted up, that is milled to the desired shape. The 
cutting edges are now filed to shape. 

The bit now is ready for the first grinding process which 
consists of finishing the shank and the edges of the bit or spiral 
part. This operation is performed by hand on a 12-inch alumi- 
num oxide wheel, 46 grit, P grade. The spirals are then ground 
out on silicon carbide, rubber-bond wheels, 60 grit. The two 
foregoing grinding operations are performed by hand and con- 
siderable skill on the part of the operator is required to turn 
out creditable work. The edges of the bits and the hollows 
of the twists then are polished on leather faced wheels set up 
with No. 70, 90 and 100 Turkish emery. A final polishing 
operation on the bit and shank is performed on a belt strap- 
ping machine with belts set up with No. 70 and 90 Turkish 
emery. The bits next are blued to prevent rusting and the 
end of the bit tempered in one operation. — ^K. H. Lansing. 

Axe Gbinding Pra.ctice 

At one time, axes were ground on large grindstones, about 
seven feet in diameter and a foot in thickness. One stone lasted 
approximately three weeks. Today the grindstones have been 
practically replaced by manufactured abrasive wheels, the rea- 
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son belnsr that this method of grinding does away with dan- 
gerous silica dust, which is a cause of the so-called grinder’s 
consumption, while also it expedites production. In taking up 
the subject of axe grinding, however, it may be well to describe 
an the princip^ manufacturing processes. 

An axe embodies two parts, a soft iron head, or poU, and 
a steel bit. The latter overlaps and is welded to the former. 
At the plant of the Warren Axe & Tool Go. axe poUs are formed 
of soft steel under a heavy geared press. This machine shapes 
the stock and punches the eye. It is manipulated by two men. 
The bit is made of what is technically termed overcoat ateel. 
It is purchased in bars and forged into a channel section in a 
special press. The bit and poll are brought up to a red heat 
and wdded together under a trip hammer. This operation also 
draws out the the bit and it is technically termed bit drawing. 
Next the axe is reshaped in an operation called dropping. A 
mandrel is iixserted in the eye and the axe, while ho^ shaped 
between dies in a drop press. 

The axe now is ready for the first grinding operation called 
sofibinp, which consists of grinding the outside edge all around 
to remove slight irregularitieB caused in the forging operation. 
This is done oh a 26-inch aluminum oxide wheel operated at a 
peripheral travel of 6785 feet per minute. This wheel is 24 
grit, U grade. It is mounted between safety fianges and equipped 
with a suction pipe to carry away the dust, which practice is 
followed with wheels used at the plant for other purposes. 

Next the axe is rough ground all over on an aluminum 
oxide wheel, 26 inches in diameter, 4-inch face, 86 grit, B grade. 
This whed also is operated at a peripheral travel of 5786 feet 
per minute. The operator rides a horse which contrivance en- 
ables him to exert considerable pressure in holding the work 
to the whed. The axe is hdd on a bar passed through the eye 
and the operator keeps it in constant motion during the opera- 
tion. A further finish grinding operation is performed in the 
same manner with a whed in 60 grit, F grade. 

Next the axe is rough polished on a canvas wheel set up 
with No. 80 aluminum oxide grain. The object of polishing 
at this stage of the process is to impart a comparativdy smooth 
surface before the axe is tempered. Axes are hardened and 
drawn at the plant in question in gas-fired furnaces and con- 
siderable skill on the part of the operator is required to turn 
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out creditable work. If the temper is not just right the ato 
will not stand up when put to practical use. The axe is 
heated to a red heat and quenched in brine. Then the opera- 
tor turns to a polishing wheel placed conveniently near iiiTn 
and polishes off the fire scale so he can see the color as it runs. 
Axes are drawn to a blue color. When the proper color is 
reached the axe is cooled in fresh water. The polishing wheel 
referred to is 14-inch, stitched canvas set up with No. 54 
Turkish emery. 

The final abrasive operation consists of imparting a high 
polish. This is accomplished on canvas wheels set up with alumi- 
num oxide in 80 and 90 grits. The coarser grit is used for 
the first and the finer for the second operation. Occasionally 
the polisher applies oil and flour emery to the finmr wheel. This 
results in a very high polish. 

Ball Gbinding 

Steel balls are formed by two processes in which the metal 
is worked cold or hot. In the cold forming process the balls 
are struck up from wire stock between steel (ties in a heading 
machine. In the hot process the stock is formed in dies under 
power hammers, a number of balls usually being forged at one 
heat in a string. 

The grinding operations must be carried out with a high 
degree of skill as steel balls must be accurate within very dose 
limits. Several methods are followed in grinding steel balls. 
Machines such as the Schatz ball grinder carry a rubber bond 
wheel mounted on a vertical spindle. The balls are confined in 
a raceway which is set eccentric with the wheel grinding wheel 
so that the entire surface will be utilized. Otherwise a groove 
would be worn in the wheel. The balls are held against the 
abrasive wheel by a plate placed over them. In this operation 
they are srround to within approximately 0.001-inch of the 
desired size. The balls then are hardened and finished to size 
by lapping on a machine somewhat similar to the grinding 
machine. The difference is that the balls are lapped to size 
between two cast iron plates with No. 100 emery and oil. 

The balls are classified by letting them roll down between 
the groove formed by two hardened and ground steel rollers 


178 



THE ABRASIVE HANDBOOK 


set at an angle. This method separates them into various sizes 
with a remarkable degree of accuracy. 

Balls are also fUiish ground on Hoffman ball-grinding ma- 
chines. These grinders carry a carbide of silicon wheel 24 
inches in diameter with a four-inch face. The abrasive is F 
grit, while the grade is as hard as it is possible to make a grind- 
ing wheel. The wheel is mounted on a horizontal spindle operat- 
ing from 80 to 60 revolutions per minute, depending on the size 
of the balls in process of grinding. A stationary plate called a 
riZZ is located in front of the grinding wheeL It is equipped 
with a number of grooves on the side next to the wheel for 
the accommodation of the balls. The grooves are deep enough 
to accommodate approximately one-third the diameter of the 
balls, different rill plates being provided to take care of a 
diversity of sizes. The balls are fed into a raceway which leads 
to the rill-plate grooves. The action of the grinding wheel causes 
the balls to rotate in tiie grooves until Ihey have made nearly 
one revolution. Bach ball then comes in contact with a device 
called a picker whidi switches the ball into a trough after 
which it is brought back again into grinding action. 

The constant grinding wears grooves in the grinding wheel 
face. They are permitted to attain a depth equal to that of the 
rill grooves. The depth of the grooves in the wheel is main- 
tained by facing off the face occasionally. After leaving liie 
rill ihe balls are carried by gravity to a magazine where a con- 
veyor raises them to a higher level so that they can be fed 
through the machine again. The balls thus are ground over and 
over again for a period of 20 hours or so. The balls are held 
against the wheel by a pressure of approximately 7000 pounds. 
Grinding is performed wet, the wheel being lubricated with coal 
oil. 

The next process consists of polishing which is performed 
in wood tumbling barrels each barrel holding about 500 pounds 
of balls. The first polishing operation is performed with Vienna 
lime for a period of 24 hours. Then the balls are tumbled 
again in barrels with scraps of kid leather which, however, must 
be free of tannic acid. This imparts a high polish. The first 
tumbling operation removes about 0.002-inch while the second 
imparts a finish only. 

Balls are inspected frequently for size during the manufac- 
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taring operations and after the final operation for surface 
imperfections. They are classified by several methods. One is 
to use a classifying machine which consists of two hardened 
and ground and lapped steel rolls which are located at an 
angle. The distance between them is greater at the bottom 
than at the top. The rolls revolve and the balls are fed into tiie 
depression. They drop through as soon as the opening is large 
enough to accommodate them. In other instances the balls 
are Inspected one by one under accurate dial gages. 

Ball-Bbabing Gbinding 

The manufacture of ball bearings involves a number of 
' precision grinding operations that must be performed with a 
high degree of accuracy, but owing to the perfection of the 
methods employed accuracy is possible even with a high quantity 
production. Methods followed in producing ball bearings vary 
to some extent but in general when making the ordinary type 
of annular bearing the operations in making the bearing rings, 
or outer portions consist of grinding the sides, rough grinding 
the outside diameter, rough grinding the ball race, inspection 
finish grinding the outside diameter, finish grinding the ball 
race, and lapping the race. A like sequence of operations is 
followed in producing the cones. 

The sides of the bearing rings and cones are finished on 
rotary-table surface grinders equipped with magnetic chucks so 
that a number, as many as the face of the chuck will accommo- 
date, are ground at one setting. Approximately 0.015-inch of 
metal is removed from each side. In some shops, the practice 
is to perform this operation on the ring and cone simultaneously 
after the bearing has been assembled, but this practice is not 
common. The objection is that the bearing is filled with abrasive 
grit that is hard to remove. 

The outer portion of the bearing rings is finished by locat- 
ing a number on a work arbor at one setting, placing the arbor 
between centers on a plain grinding machine. The next opera- 
tion of grinding the ball race is performed on a radial grinder. 
The headstock carrying the ring oscillates so that the grinding 
wheel generates the necessary curvature in the race. 

In making the cones, after heat treatment both sides are 
ground flat on a rotary chuck machine after which the ball races 
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Are genereted on the same lype of machine as used for finishing 
the races in the outer rings. 

The parts must be demagnetized and inspected carefully. 
The ball races also must be lapped to produce a high fiboish. 
This generally is accomplished with an emery and oil compound 
applied with the end of a soft wood stick while the race rotates 
rapidly. Assembly is an important operation as the parts must 
' be fitted closely by means of selection of an outer and inner 
member and balls that will just fit. By this means eictreme 
accurate to closer limits than 0.0001-inch is not always neces- 
sary. For example, assume that an outer race was finiifiied 
0.0001-inch oversize. With an inner race of the exact required 
diameter the assembly would be made by selecting balls 0.0001- 
inch oversize. The bearings generally are given a running 
test in a sound-proof room. An mcpert tester can detect noises 
that would not be observed by the layman and by this means 
he judges whether or not the bearing should be passed as satis- 
factory. 

Bed-Way Grinding 

Grinding of machine tool bed ways has passed the experi- 
mental stage, according to L. Sichel. Such a method of manu- 
facturing requires a reliable system of gages, but when suitably 
organized, it is not difiScult as very accurate gages can be ground 
on the machine in process of finishing. Way grinding at the 
present time is essentially a finishing process intended to replace 
scraping and nothing else. It is not intended to do away with 
planing or milling the quality of which is an infiuential factor, 
the same as in scraping. It is quite possible to remove eco- 
nomically 0.012-inch by grinding, and with much advantage 
over scraping in point of time, even for smaller work such as 
slides which may be ground in gangs with a corresponding reduc- 
tion in setting up and lost time. 

Way grinding was adopted in a few machine-tool plants a 
number of years ago and in one representative plant lathe beds 
up to 26 feet long are ground, together with slides and saddles, 
down to the last gib. There has been installed a way grinder 
in the plant of the Bullard Machine Tool Go. for finishing 
various machine-tool parts. By the adoption of way grinding 
this company materially reduces its finishing time, while improv- 
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ing the bearing and wearing qualitiee, as well as the appearance 
of the parts. 

It must be understood that where accuracies of 0.0004-inch 
on finished products are required the built-in accuracy of the 
machine performing this work must well be about twice as 
great or 0.0002-inch, if one will be sure of the best results. 
This implies not only an unsual refinement in manufacturing 
methods of the grinding machine but also very sensitive means 
of alignment of all cardinal positions; since in order to produce 
mating parts ready for assembly the machine must be capable 
of generatng 90-degree angles to very close limits; both in the 
vertical and horizontal planes as well as all other angles occur- 
ring in machine tool practice. Apart from this means must 
be provided on the machine for setting the wheel to very fine 
increments and limits in conformiiy with the technique or art 
of grinding isaachine ways. 

In the grinding of 60-degree angles on slides it is neces- 
sary that the abrasive be of a certain kind in order to be free 
and cool cutting. The grinding is done dry and accurate sizes 
must be maintained. When it is considered that with a work 
speed of about 12 feet per minute and a feed of say only 0.0002- 
inch per double pass, ways of every width that are used in 
machine-tool practice can be mechanically finished, it is ap- 
parent that a machine is a better metal remover than the most 
hard working scraper man, even on this kind of high precision 
work. 

Wheels used in way grinding must be porous, soft to med- 
ium grade, fairly coarse grain, and they must hold their size 
well while in the finis hi ng cuts. Wheels of suitable size and 
shape accommodate all angles in dovetails, under-surfaces, etc., 
and in many instances the grinding wheel can penetrate into 
recesses hardly accessible to the scraper. Ready or partly as- 
sembled parts may be ground on the machine thereby avoiding 
distortion from later process. Beds, tables, etc., may be ground 
with the same facility as slides. In fact the saving in time on 
larger work is astonishing. 

Sometimes an entire assembly of parts can be finished 
together ensuring a quality of alignment unknown in scraping. 
A case in point is the finishing of the headstock and footstock 
of a cylindrical plain grinder. These are assembled on a com- 
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mon mandril and ground as if in one piece. Madhinery of the 
traversing work type is used on the smaller pieces, while the 
traversing wheel iype machine is applied to the grinding of the 
larger parts. 

Buzz Grinding 

In the operation of a buzz grinder, the abrasive unit is a 
cast iron or steel disk operated at an abnormal surface speed, in 
some instances as high as 88,000 surface feet per minute. 
Traveling at this high speed, the metal disk sets up a kind of 
abrasive action, but in realiiy the metal brought in contact 
with the disk literally is burned away. This process has been 
in use for over half a century. In the manufacture of hatchets, 
the upper edges of the bit where it joins the poll were cham- 
fered by buzz grinding 60 years ago. This process is followed 
today in the naanufacture of ship augers at the works of the 
Job T. Pugh Go. While this method may have been efScient 
many years ago, it is doubtful if it can show efSciency over the 
abrasive wheel used for the same purpose at the present time. 

Cab-Wheel Grinding 

At one time the treads of all new chilled-iron car wheels 
were finished by grinding. At the present time, however, due 
to the fact that molding methods have been brought to a high 
state of perfection, new chilled-iron car wheels seldom are 
ground. It is, of course, necessary that two wheels on an axle 
be of the same size. While car wheels vary slightly in size 
as they are cast, they are measured accurately around the cir- 
cumference and sorted in pairs of equal size. However, in a 
few foundries where bar-contracted chilled wheels are made 
it is necessary to grind the treads slightly to remove numerous 
small fins left by the design of the mold. In general it is 
stated that the grinding of a new chilled-iron car wheel takes 
away 10,000 miles of its life. 

It does pay, however, to grind wheels that have developed 
fiat spots in operation. One railroad company reclaimed 8500 
chilled iron car wheels having flat spots from one to three inches 
long, with no other defects. At that time a new wheel cost |80 
while its value as scrap was $7, which resulted in a loss 
of $28 for each wheel scrapped. Tests revealed that the wheels 
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could be ground at a cost of 18 cents per wheel. Thus a saving 
of $79,860 was affected by grinding the foregoing lot of wheels. 
The following data pertains to this test: 

As a new car wheel was worth $80, the cost of 8600 is $105,- 
000. At $7 each, 8500 wheels have a scrap value of $24,500. As it 
cost 18 cenbs to grind one whed, the grinding cost for the lot of 
8600 was $680. Thus the reclaimed wheels were worth their 
scrap value plus the grinding cost which equals $25,180. Sub- 
tracting Ihis amount from the cost of $8500 new wheels gives 
$79,860. Thus it is apparent that every pair of wheels reclaimed 
represented a saving of about $46.62. 

It also has been stated by competent authorities that 
economy is shown in reconditioning steel wheels by grinding 
instead of turning. In turning the tread of a worn steel car 
wheel, it must be borne in mind that a comparatively deep chip 
must be taken. On the other hand, in the grinding operation 
just enough metal is removed to true up the tread. GhiUed-iron 
car wheels often are ground one at a time on a machine de- 
signed to locate the wheel from its bore. However, in repair 
operations much better results are obtained by using a regular 
car wheel grinding machine which mounts the two wheels, 
axle and all. 

Great economy is shown in the grinding of street car 
wheels. In this operation, which is carried out to remove flat 
spots, the car is run over a special grinding machine that is 
located in a pit. Thus tiie wheels can be conditioned without 
removing them from the trucks. One street railway company 
estimated that it cost from $4 to $5 per pair of wheels to remove 
flat spots whmi it was necessary to dismantle the truck for this 
purpose. The grinding time on the special grinder located in 
a pit under the car varies from 16 to 60 minutes per pair of 
wheels, depending on how much they are worn. The average 
time, however, is approximately 80 minutes per pair. In one 
instance 556 car wheels were ground in one month at a cost 
of cents per wheel. 

Card Clothinq Grinding 

Card clothing as used on textile carding machines consists 
of a substantial stitched canvas backing covered with a staple- 
like projections that are Inserted from the back side. The back- 
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ins is fastened with tacks to wooden plugs that are set into 
counterbored holes on the face of the card blinder, which is a 
large cast iron drum. The wires are bent slightly in the direc- 
tion of rotation as shown in Fig. 1. Each square foot of card 
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dothing contains about 60,000 points. They are spring-tempered 
sted, 0.010-inch in diameter, or No. 80 Brown & Sharpe gage. 
The card wires comb and straighten the cotton fibers in the 
operation of carding. Card clothing is attached to the main 
roll, to a smaller roll called the doffer and to other endless belt 
sections called /lots. 

In the manufacture of card clothing, a number of grinding 
operations are involved, according to Howard P. Drake. After 
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the wires have been placed in position the points must be 
ground. Various shapes have been used, but the so-called plow 
ground is the most popular. The principle of plow grinding 
is shown in Fig. 2. Thin grinding wheels, narrow enough to 
pass between 'Uie wires are employed for this purpose. After 


180 


GRINDING PRACTICE 


this operation the tops of the wires are ground off with wide-face 
wheels. The action of the wheels bends the wires slightly as 
it passes over them thus producing the desired grinding action. 

After the card clothing is fastened in place on the card 
cylinder it must be ground again for the assembled card cylinder 
must run true within close limits. This operation is performed 
after the card cylinder is mounted in place. In this opera* 
tion the card cylinder is rotated at a slow speed and the tops 
of the wires ground off with a special device called a dead-roU 
grinder. dead-roll grinders embody (flinders six inches 
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in diameter and five feet long, wound spirally with emery cloth 
filleting. The device is attached to the card machine and it is 
traversed slightly by a special arrangement as it revolved. A 
finishing operation next is performed with a so-called traverse 
grinder, an attachment that fits the carding machine. It car- 
ries a cast-iron 6% inches in diameter and about four inches 
wide which is covered with emery-cloth filleting. The abrasive 
covered wheel traverses by a special arrangement while it re- 
volves at a peripheral speed of about 3000 feet per minute. The 
grinding action is shown in Fig. 8. This device can be used to 
grind the clothing on the main cylinder, the doffer and the 
fiats. This grinding method produces the desired clearance be- 
hind Ihe wire points as they are bent slightly from their up- 
right position as tiie wheel passes over them. The grindi^ 
wheel is adjusted to make a light grinding contact only and tests 
for the depth of cut are made only through the operator’s sense 
of hearing. He judges the grinding action by the stoishing sound 
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emitted by the wires as tiiey are deflected by the wheel action. 
It takes about a day to grind a main cylinder and a doffer. 

The toothed roll that carries the cotton to the card is called 
the flicker in. It must be sharp, but it seldom is ground. It 
is honed with comparatiyely fine grit carbide of silicon stones. 
The operation is completed with fine emery and oil applied with 
a hardwood stick. As a card roll must be ground once a month, 
it is seen that card clothing grinding goes on continuously in a 
large textile mill. Thus if 60 cards were operated, two would 
require grinding daily. 

Chain-Link Grindino 

In the manufacture of malleable iron chain belt, the pat- 
terns are gated for molding so that a sprue is left at the top 
or curved part of each link when it is broken off the gate. 
The sprues are removed by grinding, generally when the cast- 
ing is in the hard state before aimealing. The object of this pro- 
cedure is to present a smooth surface on the annealed casting. 
Large liTilm are ground by hand, usually by rocking the curved 
end over the periphery of a 20-inch carbide of silicon wheel. 
Semiautomatic machines are used for finishing the smaller links. 
Such a machine is equipped with a feed disk with a number of 
slots. The operator keeps the slots filled with liiiTfH and as the 
disk revolves slowly, the links are brought under the peripheral 
of the wheel. Su<^ wheels are carbide of silicon, usually about 
14 indies in diameter. Machines embodying both horizontal 
and vertical didcs are used with good results. 

Chisel Sharpening 

Due care diould be exercised in sharpening wood-working 
chisels on a grinding wheel so as not to bum the cutting edge, 
accordii^ to W. C. Ewalt. frequent dipping in water is neces- 
sary to keep the edge cooL The chisel should be held lightly 
against the wheel in the finish grinding operation. Care should 
be taken to avoid the formation of a wire edge. The mi gla 
to which the chisel is ground depends on the type of tool, that is 
whether a parting or firmer chisel, whether hard or soft wood 
is to be worked and also on the strength of the steel. 

The parting chisel, which is used only by hand, is somewhat 
thinner than firmer chisels and a more acute angle may be given 
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by it The firmer chisel, which is driven by a mallet must be 
thicker and the angle larger to withstand the heavy blows. The 
same thing applies to diiseling hard or soft woods, the softer 
the wood the smaller tixe angle. The wiftiTi difference between 
the parting and firmer chisels is in the shape of the TiamiiAg 
and length of blades, the firmer being shorter. Worn down 
parting chisels may be used as firmer chiselB. The an gle to be 
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ground varies from 20 to 80 degrees, depending on the conditions 
just discussed. 

It appears that chisels are easier to guide and easier to wet 
on an oil stone if they are hollow ground. This may be accom- 
plished by holding the chisel in the same angle on the stone and 
moving the chisel from side to side. A piece of iron may be 
clamped to the face as shown in Fig. 4 to facilitate placing the 
chisel back in the same place each time after dipping it in water 
to cool. As the grinding leaves a rough wire edge, it is neces- 
sary to whet the chisd on an oil stone to obtain a fine cutting 
edge. It is here that the advantage of having the chisel hollow 
ground may be seen, since it is much easier to sharpen it to 
the same angle as ground. One is more likely to whet to a 
greater angle if it is ground straight instead of hollow since a 
few strokes across the oil stone will sharpen it at the angle 
wanted if hollow ground, while it takes far more whetting to 
wear away the full length of a straight ground angle. 
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In whettuifir, the oil stone being flat, straight and in good 
condition, is given plenly of oil. The heel of the angle is first 
placOd on the stone and the handle is raised until the heel and 
edge lie flat on the stone. This may be seen by ibe action of the 
oil at the edge of the chisel as it exudes from under the edge of 
the (fliisel when it is raised. When the position of the tool on 
the stone is fixed, the chisel should be moved back and forth 
across the length of the stone, care being taken that the chisel 
does not rock. The rocking may be prevented largely by holding 



FIG. 5— COBBXOT METHO D OF WHBITIHG 
A uHIflJDL 


the chisel on the stone diagonally as shown in Fig. 6. This posi- 
tion allows a natural movement of the elbows when moving '&em 
back and forth, clearing the body and keeping the edge from 
being spoiled by rocking. 

After a few strokes the chisel should be examined for the 
wire edge, which is turned over by whetting, by feeling across 
the flat side wiib the thumb. Tlie chisel has been whetted 
enough when this wire edge is felt. The edge is removed by 
turning the chisel over on the flat side and moving it across 
the stone while held perfectly flat. The chisel then is reversed 
to the original positions and a few strokes made in that 
way. This may be repeated several times, the edge then being 
lapped upon the band or stropped on a piece of leather. Some 
test sharpness of the edge by feeling it with the thumb while 
others see if it is sharp by holding up to the light. The chisel 
with a beveled edge is preferred as it looks neater, is lighter 
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and may be used in corners and angles where it is impossible to 
use the square edge tools. 

Excellent results in chisel sharpening also are derived 
through the use of the so-called oilstone grinders, as such ma- 
diines are equipped with devices for locating and guiding the 
work. The use of these appliances, however, is confined gen- 
erally to large plants so that the patternmaker and other wood- 
worker must exercise considerable ingenuity to get along with 
the equipment available in the everyday shop. 

Connecting-Rod Gbindino 

The connecting rods of automotive engines are subjected 
to two grinding operations generally. The surfaces where the 
rod and its cap join are finished on surface grinding machines 
with cup wheels or on disk grinding madiines. This insures a 
good joint that will function correctly. The holes in both ends 
often are finished by grinding although grinding of the large 
hole which is babbitt lined is not always considered necessary. 
However, in some instances these holes are ground to generate 
working seats for subsequent operations. The holes in the upper 
ends of the rods are ground to insure accuracy for the piston 
pin bushing or the piston pin itself, depending on the design. 
The machine used for grinding the holes is an internal grinder 
fitted with raising blocks to enable it to swing the work. 

Coffee Grinding 

Gopi>er, without a doubt, is the most difiScult of all metals 
to grind satisfactorily. For the rough general grinding of cop- 
per castings, carbide of silicon wheels in vitrified bond have 
been used with good results. Such wheels should be operated at 
a peripheral travel of approximately 6000 feet per minute. An 
exhausting system should be installed to carry away abrasive 
dust. The system will pay for itself in a short time as large 
quantities of metallic copper can be reclaimed. 

In taking up precision grinding of copper, the rolls used in 
the rotogravure process of printing form an excellent subject. 
These rolls are cast iron shells mounted on steel shafts with an 
electroplating of copper over the iron about %-inch thick. 
These rolls vary in size according to the kind of equipment they 
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are designed for, but diameters from 8 to 20 inches and lengths 
from 40 to 90 inches are common. Grinding of these rolls goes 
on continually, for after each printing the design must be ground 
away to make way for a new one. The impressions etched on 
the roll are about O.OOB-inch deep. These must be ground away 
and a high polish imparted. Manufacturers of printing ma- 
chinery supply special grinding machines for this work while 
the grinding is performed with natural stones, so-called Tam 
O’Shanter and Water of Ayre. These are Scotch products. After 
grindiog, the rolls are given a high polish with rouge paper, 
charcoal or fine grit hones. The high polish is quite necessary 
for slight imperfections would mar the etching from which the 
printed impression is made. 

Of late years numerous experiments with modern abrasives 
and cylindrical grinding machines have been conducted in the 
grindW of the rolls in question and while the grinding wheel is 
yet to be developed that will finish the rolls without the supple- 
mentary polishing, considerable success has been attained. The 
wheels used are carbide of silicon in very fine grit, 100 being a fa- 
vorite. The grade is medium soft to soft. It is claimed that the 
modern method reduces the grinding time by 60 per cent and that 
it produces rolls that are round and true within close limits. 

Cutlery Gbimdino 

Cutlery grinding is a general term applied to abrasive 
operations followed in the manufacture of scissors, shears, 
knives of various kinds, razors, etc. Shears and scissors are 
of two kinds — solid and steel laid. Solid shears and scissors 
are made from one kind of steel, while the laid variety consists 
of a soft steel back to which a tool steel cutting edge is welded. 
One variety is as good as the other, according to some authori- 
ties. The scissors or shears are shaped under drop-forge dies 
and after trimming to remove the flash they are subjected to 
the flrst grinding operation which consists of grinding the bows 
and backs. For this work silicate-bond wheels generally are 
employed. These wheels are from 80 to 46 grit in a medium 
grade. They are mounted near the floor so that the workman 
can sit on a stool. The wheel runs toward the operator. Con- 
siderable skill is necessary in this operation as the work must 
be guided wholly by hand. Cutlery grinders, as a rule, are men 
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who have devoted a lifetime to the industry, thus they become 
highly proficient through practice. The work is paid for gen- 
erally on a piece work basis. 

The parts then are drilled, tapped, counterbored and tem- 
pered after which they are ready for the second grinding opera- 
tion which consists of grinding a slight concave on the inside 
of the blades. This is done on large diameter siUcate-bond 
wheels or on natural grindstones. The operator used a lever to 
hold the shear blade in contact with the wheel, while the degree 
of concavily, of course, is governed by the wheel diameter. Next 
the parts are assembled and a slight amount ground from the 
inside of the bows so that the points will come together correctly. 
Then the outside of the blades is ground, either on grindstones 
or silicate-bond wheels. The workman sits before the wheel 
and guides Ihe work by hand. Next the bows are fiTiinti ground 
on silicate wheels. The cutting edges are sharpened by hand on 
a carbide of silicon or alumina wheel. 

Polishing follows next for an attractive appearance is neces- 
sary. This is performed in canvas wheels setup with Nos. 140 
and 180 emery grain, although in some shops manufactured alu- 
mina abrasives are used. The operator sits in front of the wheel 
which rotates toward him. Nickel plating follows after which 
the cutting edges are sharpened on a fine-grit wheel, usually 
80. Both carbide of silicon and manufactured alumina wheels are 
used for this purpose. Next the nickel plate is buffed on 
canvas wheels with white bufiSng compound. While the fore- 
going is a general outline of shear grinding practice, the opera- 
tions differ in many plants for what may be considered good 
practice in one shop is not permitted in another. 

In the manufacture of table knives, another important branch 
of the cutlery business, the steel first is forged under trip ham- 
mers and then rolled between dies. Superfluous materi^ then 
is trimmed away in dies after which the blades are tempered. 
In some shops, however, tempering follows the first grinding op- 
eration. The principle abrasive operations are grinding, glaz- 
ing and finishing. Grinding the sides of the blades generally 
is done on special grinders, called Hemming machines. The 
work is held in a special fixture and fed automatically past the 
face of an elastic-bond cylinder wheel. Glazing generally is per- 
formed on a wheel set up with No. 120 emery. The finishing or 
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buffing operation is done generally on walrus-hide wheels set up 
with 180 emery. On high grade work further finishing is nec- 
essary, it being performed on wheels set up with F and FF 
grain. This final polishing imparts a finish that is quite proof 
against rust. The processes followed in the manufacture of 
pocket knives do not differ materially from that followed in mak- 
ing table cutlery. However, the final finish generally is im- 
parted with on wheels set up with crocus. 

Table forks are blanked out under power presses. They 
are finished between the tines oU narrow canvas belts set up 
with 120 emery. A second polishing with F emery generally 
follows. The shanks are finished by polishing on wheels set 
up with 120, 180 and F emery generally. A final finish often 
is imparted by bufilng with fine abrasive. 

Exacting grinding operations are involved in the manufac- 
ture of razors. Many years ago they were hand forged as they 
are today in some localities. The drop forge process, however, 
is used to quite an extent in this industry. Grinding operations 
consist of roughing on grindstones or large silicate-bond wheels. 
After tempering the blades must be concaved or hollow frround. 
This is a precision operation that requires considerable skill. 
The curvature if the wheel face determines the amount of con- 
caving. After tempering the blades, they must be polished on set- 
up wheels with fine emery. The final honing or sharpening is 
performed on rotary hones. In general, it can be stated that 
the manufacture of cutlery of all kinds has been expedited greatly 
by the introduction of manufactured abrasive wheels. The sili- 
cate-bond wheel is of especial value as it is rapidly replacing 
the natural sandstones which have been used for generations. 

CxTTTEB Sharpening 

Milling cutters should be sharpened frequently. Otherwise 
an abnormal amount of metal must be removed from the teeth 
when grinding becomes imperative. Milling cutters can be 
sharpened on universal grinding machines or on special cutter 
grinders. The latter machines are preferred in the majority 
of cases. The first factor to consider in the sharpening or 
ordinary milling cutters is the degree of clearance, llie Brown 
& Sharpe Mfg. Go. give the following data on this subject: 

The angle of clearance depends upon the diameter of the 
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cutters and must be greater for small cutters Hian for large 
ones. The clearance on the teeth of plain milling cutters should 
be from 4 to 5 degrees for cutters over 3 inches in diameter and 
from 6 to 7 degrees for those under 8 inches, and the land at 
the top of the teeth should be from 0.002 to 0.004-inch wide 
before the clearance is ground. The clearance of the end teeth 
of end mills should be about 2 degrees and it is well to have 
the teeth a little hollowing, letting them be 0.001 or 0.002-inch 
lower near the center than at the outside, so that the inner ends 
of the teeth will not drag on Hie work. If the clearance of the 
cutter is too great, vibrations are likely to occur in operation, 
and this is something to avoid. 

The Brown & Sharpe Mfg. Co. supply the following data 
which shows how far below (or above) the wheel center to 
set the guide finger for generating 6 and 7 degree clearances: 
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Ordinary rnilling cutters are best sharpened on a holding 
device as shown in Fig. 6. It consists of a hollow arbor that 
slides over a straight bar that can be held in the grinding ma- 
chine head. The cutter is held between two collars, A and B, 
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which are provided with several steps to acconunodate different 
size arbor holes. The arbor with the cutter in place is slid 
along the bar, C, the' tooth in process of grinding being sup- 
ported by the guide finger. If the cutter was held on an 
ordinary arbor between centers it is obvious that if the arbor 
was sprung (and most arbors are) the cutter teeth would not 
be concentric with the hole. Thus a few high teeth would be 
compelled to do all the cutting. In the grinding operation the 
wheel can run toward the tooth back, as shown in Fig. 7 at A 
or toward the front of the teeth as shown at B. It is claimed 
hat the method shown at A is liable to result in burning the 
ooih edges if care is not exercised. However, in using the 
oethod shown at B, the tendency of the wheel action is to pull 
the cutter away from the guide finger, so that care must be exer- 
cised in holding the cutter, otherwise the teeth will be gouged 
and ruined. 

In grinding, the cutter should be fed past the wheel with 
a fairly rapid motion and a slight depth of cut as this opera- 
tion is generally performed dry. 'Wet grinding of milling cutters 
is to be recommended when possible as the cooling solution 
keeps down the frictional heat. It is a good plan to make the 
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first tooth grotmd with chalk and to grind the teetii evenly and 
carefully until the cutter has been gone around once. The 
wheel may wear a little in going around the cutter so that in 
taking the finishing cut, the depth of cut should be very slight. 
This will help to insure a round cutter. 

A spiral TnilKng cutter is ground in the same manner as a 
straight one. In this case the guide filnger is adjusted to con- 
form to the tooth face. Considerable experience is necessary 
to sharpen spiral cutters correctly. In sheening angular cut- 
ters, the cutter center must be in line with the teeth to avoid 
errors. Thus the dearance must be obtained by adjusting the 
grinding wheel a^rifi above or below the cutter center, or ad- 




no. 10— ABBANaBKEMT 07 WHBXL AMD WOBE FOB BHEBPEHINO 077. 

SBC 70BMED OUXTUBS 

justing the cutter head in a like manner, depending on the design 
of the madiine. In Fig. 8 are shown correct and incorrect 
methods of locating angular cutters for grinding. 

The side teeth or ordinary cutters are sharpened 

by locating the cutter on a stub arbor which is set in the uni- 
versal head of the cutter sharpening machine. For ordinary 
cutters, a cup or saucer wheel is used. For end mills it is 
considered good practice to use the periphery of a Hmall wheel. 
Both taper and straight shank end mills can be sharpened be- 
tween centers, but a better plan is to locate them in a spedal 
holder which is held in the cutter head. Thus if the cutter 
is sprung it is corrected in grinding to bring the teeth con- 
centric with the shank. 

Formed cutters are sharpened by locating them on an 
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arbor and feeding the teeth faces one at a time past the flat 
side of a saucer wheel. This setup is shown in Fig. 9. Here 
it is shown that the center line, C, aligns the face of the wheel, 
B, with the teeth of the cutter, A. The grinding can be per- 
formed in a machine provided for the purpose or the cutter 
on its arbor can be located between centers on a surface grind- 
ing machine. Light cuts must be taken to avoid buiming the 
teeth. If possible, the grinding face of the wheel diould be 
away from the operator so that he can observe the cutter in 



na 11— HBTHOD OF SHABPENING A 
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process of grinding readily. The teeth are ground one at a 
time until the cutter has been around once. Then the cutter is 
set up a little by turning it radially and another cut taken 
around, and so on until the cutter is wbur p. 

During recent years the practice of using rake or offset 
form cutters has become quite common. In this case the amount 
of offset in thousandths of an inch alwasrs is stamped on the 
cutter. In Fig. 10 is shown a setup for sharpening “curvex” 
spiral offset cutters made by the Pratt & Whitney Co. These 
cutters are made with either radial or offset teeth. They are 
sharpened on a cutter grinder on an attachment made for the 
purpose or on an ordinary universal cutter grinder equipped 
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with a leader for generatinsr the necessary spiral. When sharp- 
ening these cutters care must be exercised to maintain the cor- 
rect relation between the wheel and the cutter. When grind- 
ing rake or offset tooth cutters, a line passing along the cutting 
surface of the grinding wheel should pass ahead of the cutter 
axis by the distance, D, measured on a horizontal plane. When 
sharpening radial-tooth form cutters a line passing along the 
cutting surface of the grinding wheel should intersect the axis 
of the cutter arbor. All spiral form cutters are marked with 
the lead angle which information is essential in grinding. 

The method recommended by the Cincinnati MilK-ng Machine 
Co. for sharpening large inserted-tooth cutters is shown in Fig. 11 
and, as the illustration shows, the comers are broken at three 
angles. A special machine is used for grinding the cutters. 
In setting up the machine for this operation with the cutter 
spindle in a vertical position, the dials are set at zero and the 
swivel housing swung around perpendicular to the grinding 
wheel face so that the face of the min is mounted on the 
spindle and clamped in position in line with the vertical face 
of the wheel. Most mills have the blades set in a body in such 
a way that an effective rake or under cut of from 10 to 15 
degrees is produced on the periphery. Peripheral clearance is 
obtained by rotating the swivel housing of the machine which 
supports the cradle. Obviously it is necessary to rotate this 
housing an amount equal to the number of degrees of under cut, 
plus the number of degrees of dearance desired. For example, 
on a mill in which the blades are set to give a 16-degree under- 
cut, would require swivding the housing 25 degrees in order to 
obtain a 10-degree dearance. The grinding of the dearance is 
accomplished by moving the grinding whed up and down over 
the blades. To get the back, or secondary dearance, the hous- 
ing is swlvded 8 degrees more and the teeth ground so as to 
leave 1/16-inch land on the cutting edge. In grinding the comers, 
the saddle is adjusted on the bed away from the grinding wheel 
enough to permit swinging the cradle carrying the mill down 
22V^ degrees. The reading is taken from the dial near the 
crank. The reading is taken from the dial near the crank. The 
cradle can be clamped in this position by a clamping bolt. With 
the angle adjustment of the swivel housing the same as for 
grinding the periphery, the first comer angle of 22^ degrees 
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is ground. The 45-degree angle is next obtained by locating the 
mill at an additional 22^^ degrees setting in the manner previ- 
ously described. The 67^-degree angle complete in the comer 
is ground exactly the same way. 

To grind the face of the Tnill the saddle is moved still 
farther out on the bed to allow for swiveling the cutter into a 
horizontal position. Inasmuch as most face mill blades are set 
in a body at an angle, in order to give effective space rate, it is 
necessary to adjust the swivel housing in an amount equal to the 
sum of the face-rake angles plus the clearance angle desired. 
For example, on a mill having a 7-degree face rake, the swivel 
housing must be adjusted 17 degrees in order to obtain a 10- 
degree face clearance. Less clearance is obtained by a corre- 
sponding smaller angle. The last operation is to grind the back 
clearance leaving about 1/16-inch land behind the cuttiag edge. 
This is done by rotating ihe swivel housing 8 degrees beyond the 
first clearance angle setting. The face of the blades can be 
backed off toward the center, leaving any desired amount of 
face contact by dropping the axis of the mill below the hori- 
zontal and repeating the foregoing operation. In all of the above 
settings it is desirable that the relative position of the wheel 
and tide blades being ground be such that the wheel contact 
with the blades produces wheel marks which appear perpendicu- 
lar to the cutting edge. 

The importance of using sharp milling cutters at all times 
should not be overlooked. When the teeth become slightly dulled, 
the cutting edges are rounded. Under these conditions an ab- 
normal amount of power is required for operation. The finish 
left by dull cutters never is satisfactory while their use also 
generates a large amount of heat which is liable to warp the 
work. 

The process of sharpening reamers does not differ radically 
from that followed in sharpening milling cutters and end mills. 
However, reamers generally are sharpened by feeding them 
past the face of a cup wheel. If a disk wheel is used, the hollow- 
ness of the teeth sometimes causes chattering. Reamer teeth 
generally are stoned after sharpening. 

Cutting Steel and Tubing 

SthaII pieces of steel tubing, etc., often can be cut to ad- 
vantage on a cutting-off machine. The action of the wheel leaves 
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smooth ed£:e8 which is not always the case when a band 
or hacksaw is used. One disadvantage to the abrasive method 
is the waste of material through the necessarily wide kerf, but 
other advantages more than offset this. 

Cylindib-Gbinding Pbactice 

Automobile-engine cylinders generally are finished by grind* 
ing, although the cylinders for a few makes of popular-priced 
cars are finished by reaming only. Preparatory to grinding tihe 
Qrlinders are rough and finish bored, leaving approximately 
0.016-inch for grinding. This allowance, of course, varies with 
the diameter of the bore. In the grinding operation the block 
is located on an angle iron fixture of a special machine designed 
for this work. These machines are equipped with a planetary 
spindle to control the depth of cut. The majority of cylinder 
grinding machines are of the horizontal tsi>e although one 
make incorporates the vertical principle. 

Some operators prefer to finish one bore completely before 
moving to the next. It is better practice, however, to rough 
grind all the bores in one block to within approximately 0.002- 
inch of the desired size. Then a finishing cut is taken through 
each bore. In some instances a number of blocks are rough 
ground and set aside for a few hours before taking the finishing 
cuts. This allows the work to cool off, but it necessitates care- 
ful ftli g nin g of the work when it is relocated for taking the 
finishing cut. 

Cylinder bores can be gaged with inside micrometers, but 
a better method consists of using a dial gage mounted on a 
special block with a curved base so that the device can be 
passed entirely through the bore. By this means very slight 
errors can be noted readily. As a rule if the average cylinder 
bore is accurate within 0.001-inch for roundness or parallelism 
it is close enough for practical purposes. However, more exact- 
ing tolerances are followed by many automobile manufacturers. 

The majority of cylinders are ground dry, a dust pipe 
being fitted to the back of the bore in process of grinding to 
carry away the abrasive dust. Sometimes water at city pressure 
is run through the water jacket to keep down the heat generated 
by friction. A few makes of cylinder grinders are arranged 
for wet grinding. All factors considered, this practice is to 
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be Teconunended, but why it is not followed more uiuversally 
is a question of conjecture. The cooling solution keeps down 
frictional heat and also it aids materially in producing an 
excellent finish. 

Die Gbinding 

Dies for blanking out metal and other substances must be 
sharpened at frequent intervals, for if they are permitted to 
become abnormally dull, an excess amount of metal must be 
removed to recondition them. Comparatively long dies should 
be ground with tapered faces so that a shearing cut results. If, 
however, tiie stock instead of the punching forms the product. 



no. le— AT THE LEFT IS A SHEAHEn DIE WHILE A SBEABED PTTHOH APPEABB 

AT THE BIGHT 

the punch must be sheared. The principle of die shBuring is 
shown in Fig. 12. At the left is shown a sheared die and at the 
right a sheared punch. In some instances the shearing is done 
just the opposite of that shown; that is, the lowest point is 
at the center. 

The simplest method to follow in die grinding is to use 
a machine equipped with a wheel and an adjustable work table. 
The die is fed back and forth under the wheel by hand result- 
ing in the so-called spot grinding. It is obvious that a fixture 
must be provided for holding the punch by its shank. Angular 
locating fixtures also are necessary for holding the die and the 
punch for generating the sheared faces. However, if the grinder 
is equipped with an angular adjustment on the table, these fix- 
tures are not necessary. 

Surface grinding machines as used for die grinding are of 
various kinds as follows: Machines with a reciprocating platen 
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and a cylinder wheel mounted on a horizontal spindle; machines 
with a reciprocating platen and a cylinder wheel mounted on a 
vertical spindle; machines with a reciprocating platen and a 
disk wheel mounted on a horizontal spindle; machines with a 
rotary platen and a disk wheel mounted on a horizontal spindle, 
and machines with a rotary platen and a cylinder wheel mounted 
on a vertical spindle. Any of these macros can be used for 
die grinding, but with the first named type it would be neces- 
sary to mount the work on an angle iron. The dies can be 
strapped to the platen or they can be held on magnetic chucks. 
The latter method is preferable. Botary table grinding machines 
always are equipped with magnetic chucks. 

Dies can be ground dry or wet, but the latter method is to 
be preferred as it reduces the frictional heat which permits the 
taking of deeper cuts. In grinding dies on a machine with a 
disk wheel and a reciprocating platen, the wheel should be fed 
down until it just toudies the work. Then it should be set 
down again from 0.001 to 0.002-inch, depending on whether the 
work is ground dry or wet. It is obvious that a light cut is 
necessary in diy grinding. The traverse feed should be about 
1/82 to 1/16-inch for each complete reversal of the platen. 
l%e die surface should be ground until the cutting edges are 
clean and sharp. 

When using a machine with a rotating platen and a cylinder 
wheel all that is necessary is to locate the die not too near the 
center of the chuck and proceed to grind in ihe usual way. 
If the machine has a rotary platen and a disk wheel, the die 
should be located so that its opening comes at the chuck center 
to permit a space for the wheel to feed into at the end of the 
wheel-head stroke. 

Die grinding does not differ essentially from ordinary 
surface grinding. The points to observe are that the depth of 
cut must not be great enough to draw the temper from the work 
and that the die is located correctiy in place. The iype of 
wheel to use is an alumina abrasive in a medium-coarse grit, 
24 to 46, depending on the nature of the work, and a soft grade! 

Drill Grinding 

Before the general mtroduction of semiautomatic drill grind- 
ing machines, the sharpening of twist drills could be entrusted 
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to an expert only. The drill lips were ground by guess work 
generally, although a clearance angle of 59 degrees as recom- 
mended by Professor Sweet was the most satisfactory. The 
semiautomatic drill grinding machines in use today have solved 
the problem of correct drill angles. The operation of su<di a 
machine is simple as all that is necessary is to locate the drill 
in the holder, bring it against the whed face and rock it back 
and forth to generate the clearance angle. Then the drill is 
turned over and the other lip sharpened. In resfular shop prac- 
tice, it is a good plan to have drills ground by one of the 
tool crib attendants in his spare time. Thus a supply of sharp 
drills always is on hand. This method is productive of excellent 
results as it assures correctly ground drills. Drill grinding 
should be performed wet when possible as dry grinding is liable 
to draw the temper. 

In operation, every portion of a twist drill lip travds 
in a helix of its own, according to data submitted by the 
Worcester Polsrtechnic institute. No two of the helices are 
of the same diameter but all are of the same pitch as all 
parts of the drill advance equally. The clearance at any given 
point on the cutting lip is determined by and bears a constant 
relation to the tangent of its own individual helix. Therefore, 
near the point of the drill where the helices are smaller, their 
pitch remaining the same, these tangents form more acute 
angles with the axis of the drill than when the diameters are 
large, as near the outer point of the lip. To grade the clear- 
ance properly along the drill lip from the point to ihe periphery 
and to curve the back side of the cutting edge so that maxi- 
mum endurance and strength consistent with free cutting are 
preserved at all points, it is necessary that every point on the 
cutting lip should pass the grinding wheel in a pa& similar to 
that in which the drill travels when at work. As the portions 
of the drill lip near the point travel in comparatively short paths, 
this condition should exist while the drill is in process of grind- 
ing. In Fig. Id the lines, C, D, represent the axes around while 
the drills are rocked while being ground; A and B represent 
the radii of the arcs through whidi different portions of the drill 
lips swing in front of the grinding wheel. A, being near the drill 
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going it is evident that where A is shorter than B, the conditions 
are correct. 

By the angle of lip clearance is meant the clearance necessary 
to take care of the feed. This is similar to the clearance neces- 
sary for all cutting tools. This clearance however, varies for 
each point on the catting lip and it gradually increases as the 
center is approached. The reason for this is shown in Fig. 14. 
The feed, X, per revolution, being constant, the path d^cribed by 




no. u— psmoipuc mvoLvuD m SEABPianNG twist dbiixs 

A and B will correspond to the helical lines shown. As the 
vertical distance, X, that each point moves per revolution of the 
drill will be the same, the angle of the smaller Tiftifr will be 
greato than the larger one. The hdix angle in each case indi- 
cates the mininuiin clearance necessary at the particular point 
for a feed per revolution equivalent to the distance, X. 

Many users of drills do not appreciate the full advantages 
to be gained by grinding the points of drills or point thinning as 
it is called. Comparatively little action cutting place 

near the drill point. At this place the rotary movement 
is relatively slow, but the advance is considerable so that heavy 
pressure is necessary to force the drill into the work. This is 
particularly noticeable in operating comparatively large drills as 
they have thick webs. Thus, point tbinniTig is common prac- 
tice, especially when using large drills. Point thinTiing should 
be done on a machine provided for the purpose. 
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According to William SeUera & Co. it is impossible to set 
a fixed rule as to the amount the web should be thinned in poin1>- 
ing, as it is infiuenced by the shape and angle of the flutes as 
weU as by i^e kind of material that is drilled. Also the speed 
and feed must be considered. However, the following data give 
point thicknesses for various size drills which have given good 
results under average conditions: 


Diameter of 
drill, inches 

% 


1 

2 

2 % 

8 


■ndekness of 
point, inches 

A 

A 

% 

A 

A 

A 


In drilling medium-carbon steel with a drill 1 9/19 inches in 
diameter, measuring 9/82-inch at the point, it was found that by 
reducing the thickness of the point to ^-inch, the pressure 
required for drilling was reduced 66 per cent, while the horse- 
power required was reduced 27 per cent. The experiment was 
repeated with over twice the original feed, in which case the 
horsepower required for the thick-point drill was increased 146 
per cent, while on the thin-point drill it was increased only 110 
per cent. The following data gives a comparison of the work 
performed witli pointed and unpointed drills. These data were 
furnished by William Sellers & Co., and the tests were made 
with a 11/16-inch drill operated at 166 revolutions per minute, 
drilling soft steel. 


PEED 0.1B-INCH PER REVOLUTION 


Wdb unpointed 

Pointed web, %-inch thick .... 
Pointed web, A-inch thick.... 

PEED 0.021-INCH 

Web unpointed 

Pointed web, %-inch thick.. 
Pointed web, A-inch thick... 


Pointed web, H-inch thick... 
Pointed web, A-lnch thick... 




Power 

Pressure 

required. 

exerted, 

pounds 

amperes 

46 

8,500 

86 

2,066 

32 

1,940 

REVOLUTION 

66 

8300 

89^ 

2,960 

2,692 

89 

REVOLUTION 

*70 

12,000 

60% 

4312 

49 

8,800 


The foregoing tests were made with a HJ-inch drill op- 
erated at 166 revolutions per minute. The material drilled 
was soft steel, 1^ -inches thick. 
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A great amount of trouble and expense can be saved by the 
users of twist drills if a little more care is exercised regarding 
the proper grinding of the points, according to W. M. Gladding. 
Improper point grinding is not only costly but efficient results 
cannot be obtained unless the proper angle of point, lip clear- 
ance and angle of chisel point is obtained. Drill-point grinding 



no. li-TWisT-nBim. lip ouLut- 
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machines located in tool rooms and throughout the plant are 
excdlent steps toward getting the correct point srrinding on drills. 
It is very difficult and requires a great deal of experience to grind 
a point by hand that will give the desired results without too 
much loss of time. 

The standard drill point has an included angle of 118 de- 
grees, lip clearance of 12 to 16 degrees, and the angle of chisel 
point ISO degrees. This point has been found best suited for 
drills engaged on the average class of work used under gen- 
eral conditions. Different grades of material at times require 
a modification of this point for best results. Hard material may 
require a blunter angle of point while softer materials may 
require a more acute angle. The following may be found of value 
to those having sevmral differmit kinds of materials to drill : 


Steel Tails 

Drop forgings 
Brbiell uardness 260 

Tool steels 

Cast iron and 
Machinery steels 


186 degrees inclnded angle 
10 degrees Up clearance 

126 degrees Included angle 
12 degrees Up clearance 

126 degrees included angle 
12 degrees Up clearance 

118 degrees included angle 
16 degrees Up clearance 
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Brass 

118 degreeB Included angle 

15 degrees Up dearance 
Stone face of cutting Ups to 
reduce angle of gpird. 

Copper 

100 degrees induded angle 

15 degrees Up dearance 


The following figures show fhe nnaviTniiTn point pressure and 
torque for a 1-inch forged type high-speed drill used in brass, 
cast iron, machinery steel and tool sted. A feed of 0.020-indi 
per revolution was used in every instance with speeds best 
adapted for the material being drilled. 


Material 

Speed 

Feed per 
revolution^ 
inches 

Lubricant 

Point 

pressure, 

pounds 

Toraue 

inch, 

poun^ 

Brass 

640 

0.020 

Lard oil 

500 

280 

Cast iron 

887 

0.020 

None 

1100 

440 

Machinery steel 

287 

0.020 

Lard oil 

1200 

560 

Tool steel 

198 

0.020 

Lard oil 

1900-2100 

1010 


The breaking down of the outer comers of cutting lips and 
wearing of the margin are the most common troubles experienced 
with drills and is caused by running at too fast a periphery 
speed for the material being drilled. In drilling high-grade 
tools, steels or material of a dense nature fhe speed at which 
the drill is run and the penetration per revolution must be given 
careful consideration. Cutting lips not of unif orm length will 
drill a hole oversize and cause excessive wear on the margin of 
one lip. Insufficient lip clearance will cause the drill to mb on 
the heel or back edge of cutting Up and will not cut, causing undue 
strain on fhe machine and often breaking the feeding mechanism 
or spUtting the drill up the center of the web. Too mudi lip 
clearance will weaken the drill at its cutting edges causing same 
to crumble when entering the work. The successful use of drills 
is dependent more upon the proper grinding of the points than 
any one thing. Of course a careful consideration of speeds and 
feeds most at aU times be used. If users of drills wiU give a little 
more attention to the condition of the point grinding throughout 
their plants considerable saving could be obtained. 

More is demanded of the modem high speed twist drill 
than of any other perishable smaU tool used in manufacturing, 
according to E. C. OUver, and this in spite of the fact that it 
often works under most adverse conditions. No other tool 
operates with the point of support so far from the cutting edge. 
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No other tool is required to rid itself of its own cuttings and 
no otiier tool has received so little attention in regard to properly 
conditioning the point so that it can cut fredy and with as lit- 
tle strain to its own structure as possible. 

However, the gradually increasing feeds and speeds re- 
quired in high production manufacturing have made it necessary 
to increase the web thickness in drills to withstand the added 
strains and has tdso made it imperative that drills be ground 
with proper clearance angles and proper point angles and that 



every precaution be taken to produce a practically perfect cut- 
ting edge. This is very important. 

Drill grinding machines have solved the probl^ of pro- 
ducing automatically a point having proper angles of clearance 
and point so that both lips will cut the same amount and the 
strains of drilling be evenly distributed. Such machines, how- 
ever, cannot take account of the structural variations of drills 
and while they do to a cozmiderable extent, eliminate the eifect 
of the thick web by a peculiar undercutting at this point, still 
it is the practice in most shops to further thin the web to reduce 
the feeding pressure. 

High speed drills, especially those of the twisted variety, 
are subject to slight inaccuracies which may affect the size 
of hole drilled even though the point may be accurately ground. 
These inaccuracies are shown in the accompanying illustrations. 
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Fig. 16 is an end view of a drill with web out of center. Fig. 
16 shows a drill with the lips out of index. Fig. 17 is a drill 
with an abnormally thick web and Fig. 18 is one of the flat 
twisted type with the web as thick as the land at the outside 
diameter. The conditionB shown in Figs. 15 and 16 are seldom 
noticed, due to the difflculty of measuring. The error shown in 
Fig. 17 usually is corrected by grinding a notch at the center 
of the drill on each side of the web to reduce the thickness. 
If this is done by hand, there is no certainty that the web is 
central and it decoys the top rake of the cutting edge as far 
out on the lip as the notch extends. The drill in Fig. 18 
requires considerable metal to be ground away to reduce the 
web and a very high degree of skill is required to produce a 
point with proper top rake. Errors such as the foregoing 
should be corrected on a special drill point thinning machine. 
Correctly pointed drills are shown in Figs. 19, 20, 21 and 22. 

File Gbindino 

Comparatively large files are made from blister steel but 
the smaller and fine files are cast sted, according to A. Stringer. 
Various ingenious machines have been contrived for cutting the 
teeth of files, but these have not hitherto succeeded so well as 
to supersede file making by hand. After the file has been cut 
it must undergo the process of tempering. In the United King- 
dom this is said to be well effected in the following manner: 
Salt and ale grounds or wdl dried chimney soot is spread over 
the file to preserve its surface from oxidation during the 
process. It is then uniformly heated in a coal or charcoal fire 
to a cherry red color and in its rraaoval from the fire it is sud- 
denly quenched in cold and pure spring water. 

Files made many years ago were similar to those made 
today in form and machines were sometimes used for cutting 
Ihe teeth. High grade steel was used, in fact so good was the 
steel from which the files were made that it would harden satis- 
factorily in pure water. Modem alterations and improvements 
in the manufacture of files have taken place which enable Shef- 
field filemakers to produce, at the present time, a better and 
more eflicient tool than ever before and Sheffield methods of 
production are at least abreast of those of foreign competitors. 
With regard to the material from which files are produced, 
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the modem stedmaker is assisted at the present time by bis 
laboratory and efficient testing methods to enable him to main- 
tain that high standard of quality which is so essential for good 
files. For fine files good crucible steel gives the best results. 

The hand forging of files has now been almost superseded 
by the use of machinery and considerable efficiency has been 
attained in both the use of machine hammers and rolls. File 
annealing has been brought to a high levd of efficiency by the 
use of pyromet^ and recording instruments and by the benefit 
of research work at the ShefiSeld university. A coal fire fur- 
nace is to be preferred for this operation. It should be of 
the bridge type, protected on the outside by stout cast iron 
plates and the interior of the furnace maintained at a uniform 
temperature and allowed to cool down before the blanks are 
removed. 

From time immemorial the Sheffield file grinder has success- 
fully ground files of all shapes and sizes by hand and it was only 
in recmt years that his place has been taken by a machine 
which not only does more than he could possibly do, but it 
grinds files quicker and more uniform and with less personal 
ride to tile grinder. One of the first machines which was con- 
structed for this work was known as Bright’s grinding machine, 
and the originators of this machine deserve a debt of gratitude 
from filmnakers for the introduction of machinery for this op- 
eration. Later developments of file grinding machinery, par- 
ticularly of the Oxley type possess many advantages over the 
earlier machines. It was possible on modem file-grinding ma- 
chines to produce four times the quantity of work to the quantity 
which was formerly produced by hand. The output of such 
machines on 14-inch files, for example, is six dozen per hour, 
while on small files an output of 400 dozen files per day had 
bem reached. 

Sh^S;dd has been frequently criticized for not keeping . 
up to date in machinery and methods. It is, therefore, pleasant 
to state that orders for file grinding machinery have been 
received from France, Germany, Switzerland, Italy, Spain, 
Russia, Holland, Japan and the Colonies, thus establishing the 
Sheffield file-grinding machine a desirable and efficient tool for 
the purpose. 

The question of the adoption of the abrasive wheel for file 
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grindinsr had been put up to the Sheffield manufacturers but 
up to the preset time, no machine has been desi^med which 
will satisfactorily take iiie place of the present sandstone grind- 
ing machine. For the past ten years abrasive wheel manu- 
facturers have claimed to have discovered the correct wheel for 
this job, but when it was put to tiie test tibe machine had invari- 
ably been blamed for the failure, and nothing dse had been 
offered to replace it. 

It would be possible to design and produce an efficient 
machine using the abrasive wheel for this work, and while it 
might not be faster in the rate of production tiban existing 
machines, it would certainly improve the conditions of work 
for the operator. Research would have to be carried out before 
such a machine could be perfected, and undoubtedly Sheffield 
is the place where such research work should be carried out, 
as the local conditions have an important bearing on the ulti- 
mate success of the machine. 

Much attention has been paid to the question of the applica- 
tion of the abrasive wheel. A number of files recently were sub- 
mitted to a prominent firm of grinding machine makers, and 
they successfully ground the files. They were paralld files, and 
ground on a magnetic chuck. After grinding, the files needed 
no strippng, and there were no wasters. If all files were parallel 
there would be no difficulty, but the variety of shapes and thick- 
nesses caused the designers much trouble. A madiine has been 
designed to overcome these difficulties, but its cost appears to be 
prohibitive to Sheffield manufacturers at the present time. The 
introduction of mass production methods and the application of 
automatic machinery would tend to reduce the cost of produc- 
tion per unit of files. Severe competition exists among Sheffield 
filemakers but co-operation among the filemakers might enable 
them to overcome some of the difficulties. 

Fobk, Rake and Hoe Grinding 

Forks and hoes generally are made of a good grade of 
steel as they must withstand rough usage. Abrasive operations 
in the manufacture of these products serve a twofold purpose. 
They expedite production and assure an attractive article that 
will meet with a ready sale. Hay, gard&a and other varieties 
of forks are forged and welded by ingenious methods after 
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which they are bent to shape and the tines formed by rolling 
between rotary dies. Hoes also are formed by the rolling 
process. 

At one of the plants of the American Fork & Hoe Co. 
the rolling process has been in use for over half a century. 
Preliminary operations in the manufacture of forks and hoes 
consist of heating the stock and drawing it out to the desired 
shape. 

An ordinary rake is punched between dies from hot stock, 
the stock being manipulated so that waste is reduced to a mini- 
mum. Forks of various kinds are made from bar stock which 
is w^ded and then bent to conform to the desired shape. The 
roughly formed fork then is rolled while hot between rotary dies 
equipped with depressions for forming the tines to the correct 
shape. Hoes are made by upsetting the stock between dies 
and thmi rolling it between rotary dies. The rolling process 
removes the hammer marks and refines the stock so that it takes 
the desired temper. The rotary dies are expensive to construct 
and maintain, but they are economical in the long run as 
excessive grinding and polishing would be necessary to remove 
the hammer marks if this method were used. 

Operations prdiminary to grinding and polishing eye or 
planters’ hoes consist of forging the stock, punching the eye and 
rolling out the blade. These operations all are performed on spe- 
cial machinery designed or adapted for the purpose. The hoes are 
polished on a Hawes hoe grinder equipped with a compressed 
canvas wheel set-up with No. 46 emery. The wheel revolves 
away from the operator while a pressure roller over the hoe 
is operated by a foot treadle to hold the tool firmly against 
the wheel. An exhaust pipe is provided to carry away the 
abrasive dust. In polishing the back of the hoe it is necessary 
to hold the work in a pair of long-jaw tongs. The wheel used is 
the same as that employed for polishing the back. In some 
instances where a particularly fine finish is desired, a further 
operation on wheels set up with No. 100 emery follows. This, 
however, is not the regular practice. The operation of racing 
the bevd consists of sharpmung the edge of the tool so that it 
will cut. It is performed on a floor grinder equipped with an 
aluminum oxide wheel 20 inches in diameter, 2-inch face, 86 
grit, operated at a peripheral travel of appro:idmately 6600 feet 
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per minute. A special rest is employed which is set close to 
the wheel so that the work cannot catch. Considerable skill 
must be exercised in performing this op^ation as the work is 
guided wholly by hand. A skilled operator, however, can race 
the bevels very rapidly and an examination of the finished work 
reveals a smooth even cut 

In polishing ordinary gard^ hoes, the tool is hdd in a 
pair of special tongs and one side of the back is polished at a 
time. The machine is a Hawes hoe polisher fitted with a com- 
pressed felt whed set up with No. 46 emery. Two operations, 
roughing and finishing are involved, finishing bdng done with 
No. 80 emery. In polishing the face, of this type of hoe it is 
held against a narrow abrasive belt The belt runs over a small 
roller so that the polishing can be brought close to the shank 
without interference. This is a special machine built by the 
American company, while the belt is canvas, set up witii No. 
60 emery. 

A stitched canvas unit set up with No. 46 aluminum oxide 
is used for polishing hoe shanks. The work is held against the 
wheel by spring pressure, while it rests in a depression provided 
for the purpose. The operator turns the shank by hand, while 
a foot treadle is mnployed to take the tension off the work for 
removal. The bevels on these hoes are raced on a Hawes floor 
grinder equipped with an aluminum oxide wheel 18 inches 
in diameter, 2V^-inch face, 24 grit. This wheel is operated at 
an approximate peripheral travel of 6500 feet per minute and 
the work is guided against the wheel by hand. 

Considerable ingenuity has been shown in the design of 
equipment for polishing the tines of forks. The machine is 
a Hawes polisher equipped with a rawhide belt set-up with 
No. 46 aliuninum oxide. The bdt travels approximately 4000 
feet per minute, while the tine in process of polishing is held in 
place with a hand-driven finger. The operators develop great 
skill in manipulating the work to bring all parts of each tine 
in contact with the belt. As the work is fed crosswise of the 
belt it is given a twisting motion back and forth. In this man- 
ner one-half of each tine can be finished. Then the work is 
turned over for finishing tiie other sides. Several of these 
polishers are in operation and each is fitted with an individual 
blower to carry away the abrasive dust. The dust collector 
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is located outside the building and the exhaust pipes are carried 
through the brick wall to the main pipe of the collector. 

In polishing ordinary garden rakes, the work is held in 
a special fixture whidi is supported on a rest and fed back and 
forth over a 20-indi compressed felt wheel set up with No. 46 
duminum oxide. The purpose of this operation is to remove 
slight irregularities and to impart a finished appearance. The 
fixture for holding the work consists of a hard-wood block to 
the piece, while two handles are fitted to the back 
for guiding it 

Frog and Switoh Gbindino 

Manganese steel is so hard that it cannot be worked with 
cutting tools and for this reason makers of manganese equip- 
ment are dependent on abrasive practice. At the plant of the 
St Louis Frog & Switch Go., after the castings are shaken out 
in the foundry, they are aimealed. Manganese cast steel, un- 
annealed is too hard for track work. In annealing, the castings 
are raised to a white heat and quenched in cold water. The 
tjLTiV used for this purpose is 10 feet deep and of ample capacity 
to assure an adequate supply of water at the correct tempera- 
ture. The next step is to straighten the castings. This is ac- 
complished by heavy hydraulic presses. The operator uses a 
straight edge to try his work. It is necessary to exercise con- 
siderable care, for the straighter the work, the less amount will 
have to be ground away in the finishing process. This reduces 
the grinding time. 

An open-side planer equipped with a grinding attachment 
is used for finishing street-railway crossings. One end of the 
crossing is strapped to the platen while the other end is fastened 
to an outboard support which travels over rollers. The pur- 
pose of this support is to take the overhand strain which might 
pull the platen off its ways. The piece is first carefully aligned 
so that the part technically termed the “line,” which is the 
depression in which the whed flange runs, travels straight under 
a given point as the platen travels back and forth. Then the 
top of the rail is ground off true and flat. This grinding is 
done wet. The wheel used is aluminum oxide, 18 inches in 
diameter, 2V^-inch face, 2-inch hole, 8 grit, run at 1200 revo- 
lutions per minute. This results in a peripheral speed of 6654 
feet per minute. In this operation the work travels under the 
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wheel at a speed of 26 feet per minute. Approximately 
is removed by this operation, the depth of cut for each pass 
over the work being 1/64-inch. 

After the top is ground, the n^ operation is to grind out 
the line. The face of the whed employed is trued to the desired 
contour and fed down to the work. The wheel is aluminum 
oxide, 18 inches in diameter, 1^-inches thick. The grit and 
grade is the same as that of the wheel employed for surfacing. 
One-eighth inch is allowed for finishing. Wiih the line ground 
out, the crossing is reset and another top and line ground and so 
on until all four rails and lines have bemi finished. A cross- 
ing 12 feet long requires 10 hours for grinding. Grinding the 
lines is an exacting operation because where th^ cross, one 
cut must not be deeper than the other. This is because in 
going over the crossing, the fiange of the car wheel travels on 
the bottom of the line so that the wheel tread does not touch 
the rail. This diminates the decided jar experienced when a 
whed bearing directly on the rail face goes over the gap in the 
crossing. Gages are used in grinding the lines and in cases 
where they do not meet exactly at the crossing, that is where one 
line is a few thousandths of an inch below the oiher, the dif- 
ficulty is remedied by grinding out by hand. Other work on this 
crossing consists of grinding the ends square and rmnoving any 
irregularities on the surfaces where the fish plates bear. These 
are hand grinding operations that do not differ from similar 
operations on other trade equipment that will be meplained 
later. 

One type of angular crossing for steam roads has manganese 
inserts at the crossing points, the lines being ground with a 
hand grinder. The crossing is assembled on the fioor, the vari- 
ous parts being held in place by heavy clamps. Later, the 
fish plates are bolted in place as these members hold the cross- 
ing together. The machine used for this operation is a portable 
electric grinder, equipped with an aluminum oxide whed, 10 
inches in diameter, 1-inch face, 20-36 combination grit, operated 
at 1800 revolutions a minute. This results in a peripheral speed 
of 4712 feet A minute. The grinder is suspended by a diain 
hoist. By this means the operator is enabled to set it at the 
proper height. The manganese sections ground are 8^^ feet 
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long. Approximately :^-inch is r^oved and the grinding time 
for the four sections is five hours. 

In flTiiahiTig switches, a number of interesting grinding 
operations are involved. In squaring the ends, the grinding is 
p^ormed with a portable grinder equipped with an aluminum 
oxide wheel, 12 inches in diameter, 2^-inch face, 8 grit, driven 
at 1800 revolutions a minute. This gives a peripheral travel 
of 6653 feet p^ minute. For this operation, stub wheels are 
used. The new wheels are 18 inches in diameter and are used 
in surfacing the tops of rails, as previously described. The sur- 
face ground is 6 x 9 inches. Three ends are surfaced on each 
switch, the production time for one switch being one hour. 
Approximately %-inch is removed from each end. 

For grinding out the fioor, heel, and circle where the switdi 
point fulcTums a radial drill equipped with a special grind- 
ing wheel head is used. The whed used is aluminum oxide, 
6 inches in diameter, 2^-inch face, 16 grit, equipped with a 
lead center carrying a 1 x 8 left-hand thread. This whed 
opiates at 1800 revolutions a minute. Grinding is performed 
both with the periphery and the face of the wheel. As the face 
of any grinding wheel is comparatively slow cutting when com- 
pared with a wheel that cuts on its periphery only, the grind- 
ing operation is somewhat slow. In removing approximately 
^-inch of stock the grinding time is four hours. This is a semi- 
precision operation as a good fit must be formed for the head of 
the switch point. Gages are used in determining the correct 
dimmisions. 

For finishing inside of the double end of the switch base 
where the fish plates bear, a small wheel on an extension arbor 
is used. The machine used is a portable dectric grinder, equipi>ed 
with an aluminum oxide wheel, 4 inches in diameter, 1-inch face, 
20-86 combination grit. This wheel is run at 1800 revolutions 
a minute which gives a peripheral speed of 2261 feet per min- 
ute. Approximately 2 square feet of surface are ground, re- 
moving 1/16-inch. The grinding time for this operation is one 
hour. For grinding the open ends where a larger wheel can 
be used, the grinding time is materially reduced. 

The lines on switch mates, that is the path in which the 
wheel flange runs, are finish-ground by hand. The machine 
used is a portable electric grinder equipped with an aluminum 
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oxide wheel 10 inches in diameter, l-in(^ face> 20-86 combina- 
tion grit, operated at 1800 revolutions a minute. This speed 
gives a peripheral travd of 6654 feet per minute. The line 
ground is 12 feet long. Approximately 1/64-inch is ground out 
The grinding time for this operation is two hours. 

Switch tongues, namely the movable part of switches, re- 
quire a number of grinding operations before they are fitted in 
place. One operation consists of grinding the sides. The 
machine used is a portable dectric grinder equipped with an 
aluminum oxide wheel, 10 inches in diameter, 1-inch face, 20-36 
combination grit, driven at 1800 revolutions a minute, impart- 
ing a peripheral speed of 5654 feet pm: minute. To fit a tongue 
in a switch takes approximately four hours of grinding. Both 
sides as well as Ihe top and bottom must be ground. Also, the 
fulcrum is smoothed so that it makes a free fit in the switch. 
A iypical switch tongue is 6 feet long and approximately ^-indi 
of metal is removed in grinding. 

Gsab Grimpinq 

Gear grinding is a latter-day development brought about by 
the use of alloy and heat treated steels. The pinions used in 
operating the gates of the Panama Canal are alloy steel, finished 
by grinding. The demand for silent running automobile trans- 
mission gears also has furthered the practice of gear grinding. 

In grinding alloy steel gears from rough castings, suflScient 
metal should be left to genmrate the teeth of the desired size and 
pitch diameter. Usually such an operation is not a production 
one so that plenty of time can be allowed. In the manufacture 
of automobile transmission gears, however, which is a produc- 
tion operation in the strictest sense of the word, idle time must 
be reduced to a minimum. Latter day practice dictates that the 
gears should be cut or bobbed in one operation, then heat treated 
and ground. Sufficient material must be allowed for grinding 
but not an excessive amount, as this would prolong the opera- 
tion unnecessarily. Care must be exercised to keep the wheel 
free cutting at all times and also the grit and grade must be 
suited for the work. 

After grinding, the gears must be tested to make sure that 
the teeth are of the correct outline and that the gear is of the 
desired pitch diameter. A number of interesting and intricate 


218 




THE ABRASIVE HANDBOOK 


devices have been perfected for this purpose. While the chief 
use of gear grinding machines is among automobile manufac- 
turers, madiine tool builders are beginning to give these ma- 
chines attention as they are capable of reducing production 
costs materially in the manufacture of gears used in feed and 
speed boxes. 

In the operation of a machine employing the formed-wheel 
method designed by the Gear Grinding Machine Co., the grind- 
ing wheel mounted on the machine spindle^ is dressed with dia- 
mond tools as shown at the left in Fig. 28, while the view at 
the right shows the position occupied by the wheel in the grind- 
ing operation. In truing the wheel, the movement of the dia- 
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monds is controlled by accuratdy formed templates. These 
templates are six times the size of the tooth to be ground and 
through a pantagraph mechanism they direct and control the 
motion of the diamonds. 

The gears to be ground are located between centers on an 
arbor directly connected with an index head located on the 
machine table. The table is hydraulically operated, the formed 
wheel passing between the gear teeth, grinding both sides and 
the bottom of the space at each stroke. The gears are indexed 
one space at the ^d of each table stroke by an index mechanism 
which is operated hydraulically through a large plate having 
accurately ground gashes in its periphery. The hydraulic drive 
for the table gives wide range of speeds. 

After the gears are mounted on the machine, a roughing 
cut is made completely around tiie gear, and repeated whmi 
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necessary, until the teeth are approximately 0.001-inch over the 
finish size. The frinding wheel then is trued and the finishing 
cut taken. Cluster gears, with a minimum space of one inch 
between them, can be ground as shown in Fig. 24. When finish- 
ing gear teeth by the formed-wheel method it is not necessary 
to cut the blanks to close limits. The general practice is to 
irough-cut the teeth, leaving them from 0.008 to 0.013-inch 
thicker than the finished size. It is claimed that the method in 
question finished gears within a Unfit accuracy of 0.0001-inch. 
Gears from ^ to 10-inch pitch diameter with faces up to 10 
inches and from 4 to 24 diametrical pitch and of any pressure 
can be ground on the machine in question. This iype of machine 
also is employed for spline grinding, in which the foregoing 
method is followed. 
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One model of the Lees-Bradner gear grinder employs a 
flat-face grinding wheel of larger diameter set at an angle to 
represent the side of a basic rack tooth of the gear tooth sys- 
tem. By roUing the gear past the grinding wheel an involute 
tooth profile is generated. The movement of the work head to 
give the necessary motion is controUed by two steel tapes under 
tension which wind and unwind over a so-called master or pitch 
disk, which must be of the same pitch diameter as that of the 
gear to be ground. The grinding wheel is trued by a diamond 
dressing tool mounted on an arm that swings in a plane per- 
pendicular to the wheel axis. The work is mounted from its 
bore, held on centers or from its shank on which it rotates in 
the completed mechanism, thereby correcting all inaccuracies. 
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The latest model of the Lees-Bradner machine, however, em- 
ploys a master gear and a master rack instead of steel tapes 
and a pitch disk. The machine is built in right and left-hand 
models to facilitate the of gears made integral with 

thdr shafts, such as the stem gear which drives the counter- 
shaft in a typical automobile transmission. The machines 
are paired for the grinding of the driving side of the teeth on 
one machine and the coasting side on the mating machine. 
Thus both surfaces are located from the same setting. 

The Fdlows gear grinder is equipped with involute cams 
which act against straight-edges to generate the tooth curvature, 
while the National machine employs this principle also. The 
Maag grinder carries two wheels and is equipped with a pitch 
disk that takes care of a considerable range of pitch diameters. 
Another feature of this machine is the automatic wheel tru- 
ing device. The work is held betwemi centers and fed past the 
wheels so that a combination of reciprocating and generating 
motion is afforded. The Pratt & Whitney grinder carries two 
wheds mounted on a vertical spindle, while the generating 
mechanism consists of a master gear and rack. The wheels 
are 24 inches in diameter, while the grinding surface utilized 
is a narrow band at the edge of each wheel. Each wheel is 
mounted independently of the other so that it can be adjusted 
in two directions. In operation, however, the wheels have no 
motion except rotation. 

The Garrison gear grinder embodies a cone-shaped wheel 
which is carried on a ram that is moved back and forth after 
the manner of a metal-working shaper. The wheel travels 
through one tooth a space at a time grinding both sides simul- 
taneously. Meanwhile the gear is rolled back and forth under 
the whed something after the manner in which the Maag grinder 
operates. As the ram is actuated the work table carries the 
blanks past the grinding whed. The rolling motion of the gear 
blank is controlled by a master gear and rack. 

Hollow-Wasei Gbimdino 

The manufacture of hollow ware is confined largely to 
prisons although a few representative plants are established 
elsewhere. Hollow ware is a term applied generally to cooking 
utensils such as spiders or skillets, kettles, pots, etc. The object 
of grinding the inside of hollow ware is to give it a presentable 
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appearance so that it can be displayed attractively for sale. Also 
a smooth interior is necessary for cleansing the articles thoi> 
oughly after use. 

In hollow ware grinding, the wheel conforms to the shape 
of the work as shown in Figs. 25 and 26. Here a skillet, A, and 
a kettle, C, are shown. By setting the travel of the grinding 
wheel head at an angle, the bottom of the article and the face 
can be ground at one operation. At B, the operator starts the cut 
at the center, F, and feeds the wheel to the point, G, when the 
wheel is fed out of the work to finish the surface, H. The angle 
of the side of the work to be ground determines the angular po- 
sition of the wheel head. At C a round-bottom kettle is shown. 
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At both A and C it will be noted that the lines, DD and EE, 
are parallel representing the sides of tiie work and the grinding 
wheel axes. 

The general principle followed in hollow-ware grinding is to 
remove as much metal as possible in one cut. After grinding, a 
canvas wheel setup with No. 60 abrasive, usually emery, is used 
to Impart a polish. This wheel is substituted for the grinding 
wheel. A fur^er bufiing operation is accomplished with a canvas 
wheel setup with flour emery. This wheel is used with oil. The lips 
of skillets are polished with a small conical wheel setup with 
No. 120 emery. This operation is performed by hand. All 
that is necessary is to remove the scale. As a rule, aluminum 
hollow ware is flnished entirely by polishing. 


217 




TEE ABRASIVE HANDBOOK 


iNTEEUtfAL GBrnDING 

Internal grinding includes any phase of grinding that deals 
with the finishing of bores, holes, etc. Thus cylinder grinding 
and automotiye regrinding are a branch of internal grinding. 
Such oi>erations are performed on planetary-type grinders. In 
general internal grinding alludes only to the finishing of work 
that can he rotated about its axis, wUch of course is impossible 
with such parts as six-cylinder engine castings. Internal grind- 
ing formerly was performed solely on universal grinding ma- 
chines, but today, production internal grinding is done on ma- 
chines which are more rigid and therefore more productive than 
the universal machine. 

One of the most important items pertaining to internal 
grinding is the wheel its^. The grinding wheel gets its cut- 
ting efiiciency from its speed of rotation. Thus a wheel that 
will cut satisfactorily at a peripheral travel of 6000 feet per 
minute which show low grinding capacity if run at 4000 
feet per minute or over speeded and run at 6000 feet 
per minute. Wheel speed depends upon a number of 
conditions. In general, moderate wheel spindle speeds and a 
firmly located spindle will reduce a tendency of small spindles 
to heat, that is, in cases where the solid bearings are used. With 
the modem type of spindles, which operate in ball bearings, the 
factor of heat is automatically taken care of. It must be borne 
in mind that a soft, free cu^ng wheel is preferred to a hard 
one, as the latter will glaze and heat the work unduly. Whether 
a grinding machine spindle is of the ball bearing or plain type, 
lubrication is an important factor and it should not he neglected. 
A special oil provided for the purpose should be used. It can 
be procured from or recommended by any manufacturer of in- 
ternal grinding machines. The oil must be of a thin, readily- 
flowing variety. 

Work speed is an important factor to consider in any in- 
ternal grinding operation. Many operators never change the 
work speed, they use the same work-head rotation for a two and 
six-inch hole. This is not good practice. The smaller the hole, 
the greater should be the work speed and vice versa. The 
higher the work speed, the harder the wheel must be to prevent 
breaking down. From this it must not be Inferred that ab- 
normal work speed and hard wheels are recommended. A happy 
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medium should be preserved. Work speeds for internal grind- 
ing vary all the way from 10 to 76 feet per minute. As in 
external grinding, the work speed often must be adjusted to suit 
local conditions. 

The grinding wheel must be kept true at all times. The 
wheels can be trued with diamond tools, with abrasive blocks or 
with special mechanical-truing devices, a number of which are 
on the market at the present time. T^e operator should never 
attempt to true the wheel on an internal grinder by hand as it 
is impossible to do a creditable job in this manner. 

The amount of stock to leave for internal grinding depends 
on a number of factors, the length of the work in relation to 
its diameter, kind of material, etc. From 0.008 to 0.010-inch 
is sufficient for holes up to one inch in diameter and two inches 
long under ordinary conditions. Larger and longer holes must 
have a more liberal allowance. Hardened work requires a greater 
grinding allowance than does soft material. This is because 
such work distorts in cooling and therefore an allowance must 
be made to insure the part truing up satisfactorily in the grind- 
ing operation. 

In general, it is well to leave a liberal allowance, if a rigid 
machine is available. Light machines cannot remove a large 
amount of stock economically, thus their field is limited. It is 
well to check up on the amount of stock to be removed occa- 
sionally. Thus let it be assumed that some bushings two inches 
long are to be ground and that 0.010-inch of stock is left for 
grinding. The operation should be observed carefully and if it 
is found that the holes grind out smooth by the time 0.007-mch 
has been removed it is a sign that the finishing allowance can be 
reduced. Bear in mind that it costs money to remove stock by 
internal grinding whereas a few thousandths more can be re- 
moved in an automatic screw machine without any cost. On the 
other hand, if it is found that a number of parts are scrap, due 
to the fact that they do not grind out, the remedy is to increase 
the grinding allowance. By checking up on these figures care- 
fully production costs can be reduced materially in a number 
of instances. 

Without doubt one of the most important problems to con- 
sider in internal grinding is the manner in which the work is 
held in the machine. A great many parts are held directly in 
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the draw-in chucks with which the work head is fitted. When 
the draw-in chuck can be used, the problem of locatinsr the work 
is simplified as the operation of the chuck is very rapid and ef- 
fective. Where draw-in (fimcks are used it may be a good plan 
to arrange two machines so that one operator can attend to both. 
However, it must be borne in mind that this adds an extra- 
machine-tool cost and if there are not large runs of routine work 
such a procedure may not always be justified. This is a matter 
for every production engineer to settle for himself. 
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WUle the draw-in chads can he relied on for locating a 
number of parts quickly and accurately its usefulness is limited. 
Thus many modifications of tiie simpler form of chuck have 
been developed. Such chucks are operated by a rod passing 
through the work-head spindle, just as the ordinary draw-in 
chuck is operated. In Fig. 27 is shown the Heald shding jaw 
collect chuck which is a semiuniversal unit for holding gears, 
bushings, rolls, barrels, and like parts. It is loaded from the 
front and arranged for radial setting and clamping. It locates 
the work endwise as well as radially. 

Referring to Fig. 27, A is a standard face plate screwed to 
the spindle nose. The main fixture body is shown at B while C 
is the operating tube. The spacer, D, forms the connecting mem- 
ber between the operating mechanism and the jaws. Hardened 
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steel anirular jaws are shown at B, while G are flat spring mem- 
bers which form direct connection between the spider and the 
jaws through the rocker, H, and pin, 7. The Inserts, J, are in- 
terchangeable to suit the work while K represents reversible end 
locating stops. A tapped role for a binding screw is shown at L. 

Fig. 28 shows how the chuck is arranged with a rocker 
cage carrying three 2-point rockers for holding spur gears, locat- 
ing them from the root diameter. The chuck also can be ar- 
ranged to locate gears from the pitch-line circle when this is 
desired. Fig. 29 is an interesting application as it diows how 
the fixture holds a shuttle, which member carries several pieces 
to be ground simultaneously. The use of special work-holding 
fixtures of this kind, wherein a holder can be loaded while the 
machine is operating with another loaded holder in position, 
expedites production as it reduced the idle time to a minimum. 
Another Heald work-holding device is shown in Fig. 80. This 
is called a finger combination fixture. Its object is to clamp the 
work through end pressure thus holding it square and prevent- 
ing distortion. In Fig. 80, A is the face plate, B the fixture body, 
C the operating mechanism, D the centering finger spider, G the 
centering fingers, H the pivot on which the finger works, 7 are 
backing screws, J are springs to open the fingers, K are finger 
inserts shaped to meet special requirements if necessary, L is 
the clamping finger spider, M clamping fingers, N the pivot pin 
for one of the clamping fingers, 0 and P are baddng screws and 
springs, Q is a hardened steel clamping finger shoe and R a 
hardened steel clamping plate. 

In Fig. 81 is shown a good chuck for holding large bevel 
gears such as used in automobile rear axle drives. A soft gear, 
2, is mounted on the face plate whidi is recessed slightly to 
center the master gear to make it run true. The gear to be 
ground is located with its face to the master gear and held in 
place with ihree clamps, 4. Bevel pinions are chucked readily 
by the method shown in Fig. 82. Taper rolls, 4, are used in this 
Instance. They are uniformly spaced about the gear, 6. The 
rolls should be three, five or seven in number according to the 
size of the gear. The method of holding the roUs allows a cer- 
tain amount of freedom for the purpose of taking care of slight 
irregularities. The fixture base is ^own at 2, ihe spindle at 1, 
the damp at 8, and the roll locating ring at 6. 
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The device shown in Fig. S3 is a novel arrangement for 
holding pressed steel hubs for grinding. Such hubs are used on 
wire automobile wheels. The arrangement embodies a body, A, 
which is screwed to the spindle nose, B, of the grinding machine. 
The work is represented at C. i? is a compensating seat against 
whidi the work bears. It is pushed forward by a number of coil 
springs, one of whidi is shown. The hand wheel for setting the 
work in place is shown at E, while F is a ball thrust to take end 
play. G is the handwheel spindle and H a centering collar. 

The grinding of two tapers at one setting is shown in Fig. 
84. This is accomplished by setting over the grinder headstock 
which is provided with graduations for this purpose. In grind- 
ing a number of pieces on a commercial basis it is well to grind 
one angle on all the pieces before setting up for the other angle. 
In the illustration 1 is the spindle, 2 the fixture base, 3 the work 
seat, 4 the work and 6 and 6 the wheel positions. 

Work can be ground up to shoulders and the shoulders fin- 
ished also by using the method shown in Fig. 35. A cup wheel 
is used as the illustration shows. In the illustration, 1 is the 
spindle, 2 the fixture base, 3 the clamping device, 4 the work seat, 
5 the work, 6, 7, 8, 9 the wheel cutting surfaces, 10 the wheel 
and 11 the wheel spindle. By truing off the outer diameter of 
the wheel slightly with a diamond tool, at 7, the wheel will be 
in condition for grinding the holes, while the surface, 6, will 
finish shoulders. As the whed wears away, the same suriaces 
can be maintained as at 8 and 9 and the wheel used until worn 
out. 

Magnetic chucks also make excellent work-holding devices. 
In grinding holes in rollers such as are used in automobile engine 
tappets, these rollers are first faced accurately on the sides. 
Then by locating them on a magnetic face-plate fixture the hole 
is ground rapidly and accurately. As the locating time is very 
slight, it is seen that one man can operate one mach ine, keeping 
it at maximum production. The subject of locating fixtures 
without a magnetic chuck for grinding is an interesting one and 
one that promises great developments in Ihe future. Often it 
is advantageous to locate the work directly in the work head of 
the grinding machine in a special fixture. In a iypical operation 
the work consists of the internal grinding of an airplane engine 
cylinder. In this operation, the cylinder casting is located di- 
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rectly in a fixture in the work head. A number of large am 
bulky piec^ can be ground satisfactorily in this manner. 

Where it is necessary to finish two holes in one piece at one 
setting such as holes in pistons for wrist pins or two holes of 
different diameters in cluster gears for automobile transmissions, 
the double-spindle internal grinding machine is a valuable tool 
to consider. This machine locates the work in a work head which 
is centrally located on the machine bed. Two grinding heads are 
provided so that both holes can be worked upon simultaneoudy. 
A noachine of this kind of course is more or less of a special 
tool, but where long runs of repetition work are to be had it will 
prove a valuable asset in cutting down production cost as two 
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holes are finished in one setting and thus the grinding time is 
reduced approximately 60 per cent. 

Chip clearance is an important factor to considw in internal 
grinding, according to B. L. Morgan. Too heavy a cut either 
loads the wheel or breaks it down, causing the cutting tools to be 
destroyed by tearing them away from the bonding material. There- 
fore, a limiting factor in connection with internal grinding 
presents itself. The deplh of cut should be determined by the 
chip clearance which is illustrated in Fig. 86. In light of present 
knowledge, this li Tniting factor cannot be overcome. Therefore, 
the width of the wheel face has been increased from 100 to 200 
per cent. Such a wheel presents an increased number of cut- 
ting tools to the surface being ground. The next step is to feed 
more workable surface to the added number of cutting tools. 
This involves an increased traverse. The movement often is 
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actuated by a simple hydraulic mechanism which gives a range of 
table speeds up to 60 feet per minute. 

This practice permits the use of broadface wheds, the en- 
tire surfaces of which are utilized for grinding instead of edge or 
comer cutting only. The entire cutting surface of the broad- 
face wheel is presented to a new surface upon the part being 
ground at each revolution. In other words, a spiral is ground 
allowing the wheel to overlap its path of advance just sufficiently 
to cover and eliminate feed lines, as shown in Fig. 87, thus mak- 
ing use of almost the entire cutting face of the wheel. Sudi a 
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procedure gives greatly advanced production, together with 
marked economy of wheel wear because the entire wheel face is 
engaged in cutting. The chart in Fig. 88 gives table traverse, 
wheel widtiis and revolutions of the work as applied to everyday 
production grinding operations. 

For example, let it be assumed that a wheel face of 
inches and a work speed of 850 revolutions per minute are 
employed. What should the table traverse be to permit of utiliz- 
ing the entire face of the abrasive wheel? At the bottom of the 
chart is noted a work speed of 360 revolutions per minute. The 
table speed in feet per minute is given at the intersection of tiiis 
vertical line with the diagonal l^i-inch whed face line. This 
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point of intersection indicates a table speed of almost 43 feet 
per minute. On the other hand, let it be assumed lhat the table 
traverse is set at 82 feet per minute and the work speed has 
been found to be 426 revolutions per minute. What face wheel 
should be used? Following the horizontal line from 82 feet table 
speed to the right until it intersects the vertical line projected 
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above the 426 feet table speed, it will be found that a yg-ii^ch 
face wheel will be ample to do this work. 

If we have a wheel face of %-lnch and a table traverse of 
26 feet per minute at what speed should the work head be re- 
volved? In the vertical column at the left of the chart follow 
to the right the horizontal line indicating a table speed of 26 
feet per minute, until it cuts the %-inch wheel face, diagonal 
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line; then drop to the work-speed line and it will be noted 
that the revolutions per minute of the work should be 400 . 
The foregoing examples show the practical use of the chart in 
everyday grinding practice. 

During the past few years great strides have been made in 
the introduction of automatic internal grinding machines. These 
grinders reduce production costs materially as they eliminate 
the human factor to a great extent. These machines are equipped 
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to rough grind the hole to a predetermined diameter. Then the 
wheel is trued automatically and the finiwIiiTig cut taken. The 
device which controls the movements of all the units after the 
operator has chucked the work and started the maftMTia is a sim- 
ple and automatic arrangement with a diamond-pointed finger 
that is in contact with the hole of the work at all tiTwaa when 
grinding. 
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The method of aizing the work on the Heald internal grinder 
is explained diagrammatically in Fig. 89. Suppose the hole to be 
finished is 2.000-inch diameter the wheel is allowed to rough 
out the stock until 0.0008 inch is left on the side so that the hole 
when the wheel withdraws from the work to be trued measures 
0.9992 inch from the center. The diamond has been set 0.999 
inch from the center allowing 0.0002 inch to be trued off or 
just enough to clean the wheel. The wheel now starts to grind 
at a finishing speed and fim'abing feed of 0.0001 inch per pass 
with tile result that on ten passes of 0.0001 inch gives the 0.001 
inch desired, Tnalring the hole exactly 2.000 indi. 

In other words, having roughed the hole to nearly finish size, 
the diamond is set to true the wheel at tins point, then by know- 
ing the amount of stock being removed per pass of the wheel, 
it is a simple matter to advance the cross slide a definite amount 
to secure exactly the same size hole on each successive piece. 
There is, however, another factor to be considered and that is 
the wear of the wheel due to the grinding action and truing. 
To compensate for this wear, each time the table comes to rest 
position, there is an arrangement on the cross slide that advances 
it sufficiently to allow a slight amount of material to be dressed 
off the wheel each time it is presented to the diamond. In re- 
moving this last amount of stock, the operation is accomplished 
under ideal conditions for the wheel has just been trued, present- 
ing a dean, sharp surface to a definite amount of stock to be 
removed. The feed is fine, the speed is correct therefore under 
these conditions, the result is exact duplication as long as the 
relationship of the point of truing and the finish size remain 
the same. 

Automatic internal grinding is in its infancy at the present 
time, but remarkable progress certainly has been made in its 
introduction and before long the automatic machine probably 
will be introduced generally in automobile and other plants where 
intensive production operation are paramount. The operation 
of an automatic internal grinding machine differs in no way from 
that of an ordinary internal grinder in principle. That is, the 
work is chucked and ground in the same way; the automatic 
features, of course, reduce production cost materially, for once 
the work is set up and the size determined on the Tnacbiuft wiU 
continue to grind and finish to this size until it is necessary 
to replace the grinding wheel. 
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In automatic Internal grinding wherever it is possible the 
work should be located in a shuttle so that the loaded member 
can be set in the machine rapidly and quickly. Thus the operator 
can load one fixture while another is in process of grinding. It 
must be borne in mind that every second a grinding machine 
is stopped means idle time, ther^ore, if means can be intro* 
duced to keep a machine running continually, that is by loading 
one fixture while another is in process of grindmg, the idle 
time is cut down to a wnitiimnni and this spells production. 

Jig-Button Grinding 

As a rule, jig buttons can be purchased from outside sources 
cheaper than they can be made in the average shop. However, 
it often is necessary to provide special sizes and to avoid dday 
they can be made readily by any toolmaker. Operations pre- 
liminary to grinding consist of drilling and reaming the hole 
and locating the work on an arbor where the ends are faced and 
the outside diameter turned leaving about 0.01-inch for finishing 
by grinding. Next the button is located in a chuck and one end 
recessed to leave a bearing at the outside only, say 1/16-inch. 
After hardening the button is mounted on an arbor between 
centers on a cylindrical grinding machine. It is important to 
grind the periphery and to finish the bottom at one setting 
on the arbor. In this way the correct relation between these 
two surfaces is assured. The bottom of the button is ground 
on the side of the wheel, which should be recessed slightiy to 
assure a smooth cut. The periphery of the button is ground in 
the usual way, exercising care to finish it to the exact size 
desired. The wheel to use for this work should be compara- 
tively soft and free cutting. 

Eeyway Grinding 

Sometimes keyways are ground in shafts, generally because 
someone neglected to cut the keyway before the part was hardened. 
If the shaft is manganese sted, the keyseating always must be 
done with a grinding wheel. The shaft can be located on the 
platen of a surface grinding machine and the wheel set central. 
In general, elastic-bond wheels in an alumina abrasive should 
be used. The feed should be slow, about ten feet per minute, 
and the wheel fed down a little at a time until the desired depth 
is reached. Internal keyways are ground by a special appliance 
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consisting of a small alumina abrasive held on the end of a 
square shaft. This is slow work as the depth of cut cannot be 
deep. Grenerally special machines are used for the purpose. One 
type consists of a ram for actuating the wheel holder while the 
work is located on an angle iron. 

Knife Grinding 

Failure to obtain satisfactory results in machine knife grind- 
ing, according to Theo, Giles and Charles A. Buno, is due to some 
failure in the method employed. The direct cause of much of 
the trouble experienced is mccessive heat generated in grinding. 
This tends to draw the temper and bum the edges, causing check- 
ing or cracking, and sometimes warping or ‘‘bowing” of the 
knives. The more common causes of excessive heat are as 
follows: 

1 — Grinding wheel (too hard or too fine). 

2 — ^Dressing method. 

5 — ^Wheel speed. 

4 — ^Rate of feed and speed of traverse. 

6 — Coolant or lubricant. 

In selecting the grit and grade of wheel for grinding knives, 
it is well to consider first a few of the fundamental rules whidi 
apply to knife grinding. The broader the contact (width of 
bevd) the softer the wheel should be. On very broad work, spe- 
cial abrasives are desirable because of the cooler cutting action. 
Hard steels require soft wheels. A wheel which is satisfactory 
on hard steel can usually be made to produce satisfactory work 
on soft steel also, but it may not be the most economic^. The 
reverse is not always true, because a wheel which is satisfactory 
on soft steel may be entirely too hard for hard steel. 

In general, high speed steel usually requires a softer wheel 
carbon steel, and special abrasives are often most efiicient 
on tiiis material. 

On the oHimr hand, some of the carbon steel knives, such as 
veneer and sheer knives, have a very wide bevel, sometimes 
necessitating the use of soft wheels. In some instances, coarser 
wheels will usually permit deeper cuts than can be taken with 
finer ones, but the resultant finish will not be as fine. It is 
possible, however, to produce a good finish with a coarse wheel 
if the face is first accurately trued with a diamond. Where sev- 
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eral kinds of knives are to be ground with one kind of whed 
it is well to -lean toward softer wheels. However, if a consider- 
able proportion of the knives to be ground are of softer steel 
or have narrow bevels, it will be more economical to use two 
different wheds. 

The range of grains and grades adapted to this class of 
grinding is small, and it does not require much experimenting to 
find the best wheel for a given job. A wheel of a grain and 
grade which has proven satisfactory on similar work should be 
chosen for first trial. A short test should indicate if it is desir- 
able to make any change. If a change is necessary, it will only 
be necessary, in most cases, to go one grade softer or harder or 
one grain size finer or coarser. Veneer, slicer, and paper knives 
require a straight or nearly straight bevel and are therefore best 
ground with cup wheels. For veneer and slicer knives where 
the bevel is very wide, a 86 grit silicate whed in an alumina 
abrasive is recommended for the first trial. 

On hog, chipper, barker and planer knives a concaved bevd 
is permissible and they may therefore be ground with dther 
straight or cup wheels. The best first choice for knives in this 
class would be a 86-srrit alumina wheel If 80 inches or larger 
in diameter, the wheels should be made by the silicate process. 
If smaller than 80 inches in diameter, they can be made in dther 
silicate or vitrified process. Any attempt to increase whed 
life by using wheels finer or harder than they should be, will 
usually be unsuccessful because the wheels will be apt to 
quick^, cause excessive heat and danger of spoiled work, and 
necessitate frequent dressing. Also by using a whed coarser or 
softer than necessary, in an attempt to speed up production, 
excessive and uneven wear is apt to result. 

The method of dressing the grinding whed is often of 
greater importance than is at first imagined. The object of 
dressing the whed is to produce a free-cutting surface on the 
whed after it has become glazed and to make Ihe grinding sur- 
face run as nearly true as possible. The most satisfactory 
method of truing or dressing the whed is by the use of a dia- 
mond tool securely fastened to the work table of ihe machine, 
so that it can be traversed across the wheel face in a true pTniift 
By this method the whed can be made more nearly true by 
other methods. By varying the depth of cut and speed of tra- 
verse of the diamond, it is possible to vary the texture of the 
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grinding face. The slower the traverse and the lighter the cut, 
the smoother the wheel face will be and consequentiy the finer 
will be the finish on the knife. With the wheel face ^ this con- 
dition, however, the wheel will act harder and glaze more quick- 
ly. Conversely, by using a faster traverse and a heavier cut, 
the wheel face can be opened up or roughened causing it to cut 
more freely and with less heat, but with a resultant coarser fin- 
ish on the work. 

Perhaps the most common method of dressing the wheel 
is by the use of an abrasive bride supported on the work table 
and guided by hand. This method requires skill to make the 



FIG. 40— TBUING A WHEEL WITH A HUNTINGTON-TYPE 
DHEShHiH 

wheel run true, as it is difiicult to hold the brick rigidly. The 
brick also frequently produces a smooth or glazed face on the 
wheel, instead of opening it. Sometimes the entire surface is 
glazed causing Ihe wheel to act hard and bum the work. At 
other times, due to the wheel being out of true, the glazing will 
be on spots only, resulting in so-called hard and soft spots. 

In many mills where unsatisfactory results were being ob- 
tained by the use of bricks, these have been satisfactorily re- 
placed with huntington type dressers. Such a dresser, as lEhown 
in Fig. 40, consists essentially of a number of steel disks with 
saw-tooth edges, which revolve freely on a spindle secured to a 
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holder or handle. The lower part of the holder has two square 
projections which should be hooked over the edge of the table. 
This enables the operator to slide the dresser across the wheel 
more smoothly and minimizes the tenden(y to follow any irreg- 
ularities in the face of the wheel. The edge of the table serves 
as a fulcrum and by raising or lowering the handle, the depth 
of cut can be controlled at will. When a huntington dresser is 
used properly, it is possible to produce a shape which is more 
nearly true than can be obtained by the use of a brick. The 
surface produced is usually more satisfactory as it is more open 
and free cutting. 

The speed of the grinding wheel is important as this has 
an influence on both the rate of production and the quality of 
work. Up to the certain point, an increase in the wheel speed 
wiU also increase the speed of production. Beyond this point, 
however, the increased speed will make the wheel act hard, so 
that burned work is apt to result. Excessive speed is also apt 
to cause vibration of the machine and may introduce the danger 
of wheel breakage. The general tendency is to run the grinding 
wheels too slow and very few instances are found where exces- 
sive speeds are used. In fact many operators would materially 
improve their present production if they increased the speed of 
their grinding wheels. 

The surface speed of cup wheels should be between 3600 and 
4500 surface feet per minute. Straight side wheels can usually 
be run somewhat faster. Thin high-speed steel knives are usual- 
ly ground with a speed between 4000 and 5000 surface feet per 
minute. The higher wheel speed seems to do the work much 
better and with less heat than when lower speeds are used. 

Where straight side wheels are used, it is advisable to in- 
crease ihe spindle speed as the wheel wears down to keep the 
surface speed nearly constant. This is not necessary with cup 
wheels, because the diameter is not reduced by wear and the 
surface speed of the rim remains the same, throughout the life 
of the wheel. If lower speeds than those recommended are used, 
the grinding action is apt to be erratic and the wheel is apt to 
wear unevenly and excessively. 

Many knives have been ruined by attempting to hurry the 
grinding. This is especially true when, because of nicks, cracks 
or other defects, it is necessary to remove a large ftTnonnt of 
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material. There is then a great temptation to use a deep feed or 
fast table traverse or both, in an effort to remove a maximum 
amount of material in the shortest time. It should always be 
remembered that there is a limit to the cutting capacity of every 
grinding wheel of any grain and grade. It is a general rule 
lhat softer wheels allow of deeper feed than finer and harder 
ones. To force any wheel beyond its capacity, however, will re- 
sult disastrously, because excessive heat will surely be generated. 

No definite rules can be laid down for the exact amount of 
feed or speed of traverse, as these factors are influenced by 
other conditions. The exact rates must be determined by experi- 
ment for each case. As a general rule, however, it will be found 
that it is more economical to use a relatively light cut and fairly 
fast traverse to use a very deep cut with slow traverse. To 
produce a fine edge it is advisable to make the two or three 
final passes with a very light feed and a slow traverse. 

The question of whether the grinding of knives is done bet- 
ter wet or dry is much debated. It is not the intention to 
attempt to settle this question one way or another, because both 
methods have their merits. We believe it is generally agreed, 
however, that wet grinding to be successful, must make use of a 
large amount of water or lubricant. The importance of this 
cannot be overemphasized. Most machines are equipped with 
water attachments, but some of these do not provide sufficient 
quantities. As one practical man puts it: “The water must 
prevent the knife from getting hot and not cool it after it is 
hot.” In order to do this a large stream of water must be pro- 
vided and this should be directed at the point where the heat 
is being generated, namely, at point of contact between wheel 
and work, A small amount of water allows the knife to heat 
up and then cools it after it leaves the wheel. This is the direct 
cause of much of the trouble experienced. 

When grinding is performed wet, it is usually better to use 
a grinding lubricant, rather than dear water. There are a num- 
ber of commercial compounds on the market, sold under various 
trade names which will make satisfactory lubricants. If it is 
desired to prepare a satisfactory "home-made” lubricant, this 
can be done by a'dding one gallon of lard oil and five pounds of 
sodium carbonate to 40 gallons of water. Such a lubricant has 
a tendency to reduce the amount of power required and also 
prevents the machine and knives from rusting. 
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Thin hish-speed-steel knives be successfully ground 
without the use of water or lubricant, if the proper grain and 
grade of wheel, wheel speed, correct feed and speed of ^averse 
are used. As pointed out previously, it is better to grind this 
way, unless a copious amount of water is available. Many ex- 
perts that it is much better to always grind this type of 

knives dry. Hardened and tempered carbon steel knives must 
be groimd wet in order to obtain satisfactory results. If these 
knives are ground dry the temper is apt to be destroyed. 

An ingenious method of overcoming, to a certain extent, the 
inadequate supply of water furnished by some m ac hin es, has 
been used by some operators and is shown in Fig. 41. The 



FIG. 41— THB WHJEEL BOT ATBS A GAIN ST THB GUTTING 
Tirnflia OF m KNIFS 


mife is clamped to the table so that it projects above the table 
ibout % of an inch. By damming the end with putty or day, 
i reservoir will be formed between the knife and the tilted car- 
'iage. This will fiU with water which will keep the knife cooler 
han a small stream or trickle running over only one place. 

The more rigid the machine, the better will be the quality 
>f the work produced. It should be set on a good solid founda- 
ion to minimize vibration. Vibration causes excessive wheel 
mar and makes it difficult to produce high grade work. Most 
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operators agree that grinding against the cutting edge shown 
in Fig. 41 gives better results than grinding in the opposite di- 
rection. Grinding against the edge produces a better edge and 
some oi>erators claim that the edge is not heated as much. 

It is important to have the knives properly clamped to Gie 
carriage in order to prevent warping or “bowing.” Some experts 
suggest grinding the knife to an edge and then letting it rest 
until it is i>erfectly cool before TTmlriTig the final finishing cuts. 
These fiTiiBbiTig cuts should be very light and are intended to 
remove any high spots which might exists thereby insuring a 
straight edge. It may not be necessary to follow this practice to 
secure good results, but the method described certainly cannot 
be the cause of defective work and might be well worth a trial, 
in case satisfactory results are not being obtained by other 
methods. 

Although jointing is an entirely separate operation from 
grinding, the two are somewhat related. Jointing, if carefully 
and properly done, will prolong the period between grinding. 
On the other hand, if the grinding is not carefully done, the 
jointing operation will be difficult, and the results will not be 
satisfactory. The selection of the grade of stone for this work 
is of importance. It should not be too fine or too hard or it 
will bum the edges of the knives. If too coarse or too soft, it 
will wear away quickly and wiU not produce a satisfactory edge. 
A coarse jointer stone will prove to be satisfactory in most 
cases. The medium or fine stones are usually too dense. These 
stones are manufactured alumina. 

Lawn-Mower Sharpening 

Lawn-mower reels are sharpened as a production operation 
on regular cylindrical grinding machines. The work is dogged 
in the usual way and driven between centers. Generally a com- 
paratively hard wheel is used as the action of the blades passing 
the wheel act as a dresser. This operation is performed wet. 
Grinding of the lower or straight knife is essentially a surface or 
knife grinding operation. It usually is performed by locating 
the knife and its knife bar in a special machine where it is fed 
past the face of a cup wheel. 

Lawn mower sharpening as repair work is performed by lo- 
cating the red between centers and backing it off just as a spiral 
TYiiMiiTig cutter is ground. Usually spedal machines are used for 
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this purpose. The lower knife is sharpened by holding it in a 
special holder and feeding it past the wheel. Usually an 
alumina wheel in 86 to 46 grit and medium grade is used. Gen- 
erally this work is performed wet. 

MBAT-CUTTBR E14IFE! Grxnding 

Meat-cutting knives of the type involving a perforated disk 
can be ground readily on almost any type of equipment where 
flat surfaces can be generated. Disk grinding machines will 
answer the purpose. The side of a grinding wheel can be used 
if it is flat. Rotary platen surface grinders are excellent for 
this purpose. The Imife should be ground perfectly flat and just 
enough stock removed to sharpen it. 

Fipe-Ball Gbimdino 

Pipe baUs are used for forming the inside diameter of tub- 
ing. They are manganese steel generally and vary in sizes up 
to six indies. They are shaped something like a projectile, but 
with a short body. The body part must be ground accurately 
as it determines the tube size. Centerless grinding machines 
have been employed for finishing these parts with good results. 
Balls up to 4^ inches in diameter are finished by centerless 
grinding by a prominent Mid-Western manufacturer of man- 
ganese steel. Larger sizes are ground on cylindrical grinding 
machines. Usually special fixtures are necessary for locating 
the work. In the centerless grinding operation about V&-inch 
is removed in 12 passes. Limits of accuracy are plus or minus 
0.006-inch. A 16-inch pipe ball weighs about 400 pounds. Ap- 
proximately ^-inch is removed in the grinding operations. 
Wheels for this work are manufactured corundum about 24 com- 
bination grit and medium grade. 

Piston Grinding 

The majority of automobile pistons are finished by grind- 
ing, although one or two manufacturers favor the rolling proc- 
ess, possibly because it is cheap. Pistons can be ground by locat- 
ing the head against the tallstock center of an ordinary cyl- 
indrical grinder, while the other end of the piston fits a special 
combination center and driver. Another method is to use a 
special piston-grinding machine which holds the work against a 
driving fixture by means of a draw-in rod with a hole at one end 




288 



GRINDING PRACTICE 


through which a short bar is passed. This bar locates in the 
wrist-pin hole in the piston. Piston grinding does not differ 
materially from any orlindrical grinding operation. The piston 
skirt generally is finished larger in diameter than the head por- 
tion so that two cuts are necessary. Pistons can be ground by 
traversing 'Qiem or feeding them to the wheel without traversing. 
In general, it can be stated that the former method is preferred. 
Pistons also have been ground satisfactori^ on centerless srrind- 
ing madiines. Carbide of silicon wheels are used for grinding 
both cast iron and aluminum alloy pistons. The amount of 
clearance to leave varies greatly among different manufacturers 
but in general an allowance of 0.001-inch undersize for every 
inch of cylinder diameter is satisfactory. 

PlSTON-Pm GRIMBINa 

Piston pins, or wrist pins as they sometimes are termed, 
can be ground between centers on an ordinary cylindrical grind- 
ing machine. As the pin is tubular it is a simple matter to 
locate it on a work arbor of special design. Such an arbor car- 
ries a taper seat at one end and a tai>er face nut at the other 
end. By setting up the nut, the pin is held securely by taper 
seats formed in each end for the purpose. This method is com- 
paratively slow as it is necessary to locate each piece individually. 
However, the operator can load one arbor while a pin is in the 
process of grinding which reduces the production time somewhat. 

Without a doubt, better results are obtained by using a 
centerless type machine. All that is necessary for the operator 
to do is to keep the feed chute full from which place they are 
conveyed to the grinding station by gravity. Usually about 
0.016-inch is allowed for grinding, the pins being passed through 
the machine several times. Vitrified wheels are used for rough- 
grindiug, but better results are obtained in finishing through the 
employment of rubber or shellac wheels. 

Due to the extreme accuracy insisted on by automobile man- 
ufacturers, it is customary to ^ish the parts in question with 
extreme accuracy. For this reason piston pins often are sub- 
jected to a lapping operation on a special machine before they 
are passed to Ihe inspection department. Such accuracy is un- 
warranted, however, since the accurately ground pin often works 
in a hole reamed in cast iron. If it is necessary to hold the pin 
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to Tvithin 0.00006-inch of tolerance, the hole that it fits also 
should be finished accuratel 7 and smoothl7 by grinding. 

Piston-Pin Holb Gbindino 

It is not common practice to grind the holes in pistons that 
accommodate the piston pin, but tbia procedure is logical since 
automobile manufacturers insist on high accuracy in piston pin 
dimensions. For this reason the hole that the pin fits also 
should be smooth and accurate. A few machines are on the 
market for finishing piston pin holes by grinding and their use 
probably will be furthered during the next few years. The 
means employed are to locate the piston in a revolving work head 
and to grind the holes with two wheels working one in each hole 
simultaneously. 

Piston-Ring Grinding 

Piston rings are ground on their sides so that they will fit 
the grooves in the piston accurately. If they fit loose, a clicking 
sound is emitted which is not to be desired. Ordinarily the rinsfs 
are located one at a time on a rotary-chuck surface grinding 
machine. Better results are had from a production point of view 
at least by utilizing a semiautomatic piston-ring grinder. Such 
a machine is fitted with a feed chute which feeds in one ring to 
the grinding position at a time. The sides of piston rings are 
often rough ground on a double-disk grinder. Such machines 
also are automatic in operation, so that all the operator has to 
do is to keep Ihe feed chute full 

The peripheries of piston rings are ground, in some in- 
stances, but latter-day practice seems to favor the turned ring, 
l^e argument in favor of the turned ring is that the turning 
operation shows up any hard spots that might wear the cyliuder 
wall unduly. When the ring peripheries are ground, however, 
it is common practice to locate a number of them in an ordinary 
cylindrical grinder special arbor by means of a locating fixture 
devised for the purpose. It can be said of the ground rings 
that they present smooth surfaces which wear in very readily. 

PiSTON-PiN Hole Relief Grinding 
It is considered good practice to relieve the metal adjacent 
to piston pin holes in automotive practice. Some manufacturers 
cut a relief band encircling the entire piston. This can be done 
on the lathe but it reduces the wearing surface. A better plan 
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is to grind a alight relief at each hole. The piston is located 
between centers in a plain grinding machine and a plug carrying 
a handle about two feet long is inserted in one of the piston pin 
holes. The handle is arranged to work between two stops which 
limit the amount of travd, and consequently the rdief cut. With 
the work located, the operator brings it up to the wheel feed- 
ing it in a predetermined amount, then the handle is moved down- 
ward which causes idle wheel to cut the desired path. The piston 
then is turned 180 degrees and the hole on the other side relieved. 
More economical results can be obtained, however, by using a 
special piston-grinding machine designed to finish the outer diam- 
eter and grind idle relief at the piston-pin holes at one setting 
of the work. In operating a machine of this type, the cylindrical 
part of the piston is finished; then the reliefs are ground. The 
mechanism for actuating the movement for this operation is 
driven through a cam motion. 

Plow Gbinding 

Plows are of two kinds, chilled iron and steel. Chilled plows 
are preferred for cultivating sandy ground as they withstand 
the abrasive action of the soil to a remarkable degree. On the 
other hand, a chilled iron plow will not acov/r or free itself of 
soil accuniulations as well as a steel plow does in loamy soils. In 
plowing very rich loams, it is almost impossible to use a chilled 
plow. Some plow manufacturers confine their output to either 
chilled or steel plows, while others make both kinds. 

Abrasives play a very important part in plow manufacture 
for without their use it would be impossible to market a satisfac- 
tory product. Many years ago grindstones were used for finish- 
ing plows, but they have been substituted by abrasive wheels. 
The latter are faster cutting and cleaner in operation. Abrasive 
practices differ in representative plants. In general, however, 
the various parts are fitted together by grinding their edges, the 
assembly then being surface ground and polished. At the plant 
of the Oliver Chilled Plow Works, with a capacity of 800,000 
plows annually, the abrasive processes are as follows : 

The first grinding operation consists of fitting the various 
parts to templates by grinding Iheir edges. These parts are called 
the point, that part that breaks the soil; the mold board, the part 
that turns over the furrow; the landslide, the straight part back 
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of the mold board, and the frog. The latter member holds the 
others together, but it is not ground. In fitting the parts to the 
templates, the edges are ground by hand on a floor grinding stand. 

The parts then are assembled to form the plow base. The 
next grinding operation consists of grinding the entire surface of 
the base. The plow base is located on a cradle with two handles 
so that the operator can pass it back and forth under the wheel. 
These wheels are about 80 inches in diameter and 4-inch face 
ftTiH tbey are mounted on a large machine called a plow grinder. 
At the Oliver plant, this operation is performed wet, although this 
practice is not universal. Carbide of silicon wheels are used 
both for fltting and surfacing. 

The final abrasive operation consists of polishing. This is 
performed under canvas wheels setup with aluminum oxide 
abrasive grain in grits running from 24 to 86. After polishing, 
the parts are given a coat of varnish to exclude moisture so 
that the surfaces will not be subjected to rust during transporta- 
tion. 

In the manufacture of steel plows the various parts are 
purchased in so-caUed plow shapes from steel manufacturers. 
These parts are heated and forged to shape under heavy dies. 
They then are ground on the edges and the units fitted to form 
the plow base. As a rule but little grinding, aside from fitting, 
is followed in the manufacture of steel plows. After the base is 
assembled the bolt heads are ground down flush and the base 
polished on a canvas wheel setup with aluminum oxide grain. 

An important branch of plow manufacture consists of fur- 
nishing repair parts. These must be fitted accurately to templates 
and then surface ground and polished. The necessary bolts are 
set in place before surfacing, a block of wood with a hole being 
us^ as a filler piece so that the nut can be set up tight With 
the bolts in this position it is an easy matter to grind their heads 
down so that they will set flush with the finished surface. 

Plow-Point Grinding 

This is essentially a rural industry and consists of sharp- 
ening the forward part of a plow teclmically called the point. 
These points become dull through the abrasive action of the soil 
so that it is necessary to sharpen them at least once every season. 
Chilled-iron points are ground on carbide of silicon wheels. Steel 
plow points generally are heated and drawn out to a sharp edge 
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Grinding Wheel Grinding Wheel 



no. 4S— OBOWNINO A OAST IBON njL- nO. 4S-JTHB WHEEL FACOl IB FOBHHD 
LET BT THE DOOBIiEMTIT HBIEOD OOmXAVB TO QENEBATB THE OBOWH 

on the anvil. Nearly every cross-roads blacksmith shop is 
equipped with a wheel for plow grinding and in the spring of 
the year it is not uncommon for a blacksmith to grind 40 to 60 
points a day at a charge of approximately 80 cents each. Many 
blacksmiths make the mistake of using a whed too hard for this 
work. A wheel for plow point-grinding should be one grade 
softer than a wheel used for snagging gray iron castings. Thus 
as a carborundum wheel is 20 grit, G plus grade is satisfac- 
tory for snagging castings, the same wheel for plow point grind- 
ing should be 20 grit, H plus grade. The latter wheel cuts the 
faster and thus enables the operator to grind more points in a 
given time. 
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Pullet Grinding 

Pulley faces can be finished economically by grindinsr them 
from rough castings. A simple method consists of mounting the 
pulley on an arbor which is located between centers on an ordi- 
nary cylindrical grinding machine. The table of the machine is 
set at an angle for generating the necessary crown as shown 
in Fig. 42. It is necessary, to make two cuts to crown each 
side of the pulley, the work being reversed end for end after 
taking the first cut. In the Illustration it is obvious that the 
wheel will grind along the dotted line. Pulleys also are ground 
by forming the wheel face as shown in Fig. 48. A special radius 
truing device must be used to generate the concavity on the 
wheel face. The wheel should be slightly wider than the pulley 
face. In this operation ilie work is fed directly to the wheel 
without traversing. 

Several special pulley grinding machines have been devised. 
One introduced by the Diamond Machine Co. employs a cyl- 
inder wheel operating on the principle shown herewith. Located 
as shown at the left in Fig. 44, a hollow-face pulley would be 
ground. Positioned as ^own at the center a straight face would 
be generated. At the right a crown is ground. It is obvious 
that by changing the relation between the wheel and the work, 
any desired face from a hollow to a crowned one can be had. 
The grinding wheel of this machine is a cylinder mounted on a 
horizontal spindle, while the work is located on a vertical spindle. 
The work is rotated by a small burr, driven by power. Carbide 
of silicon wheels in comparatively coarse grits should be used for 
grinding cast iron pulleys. Wood or composition puUeys are not 
finished by grinding, although there seems to be no good reason 
why such an operation would not be practicable. 

BaHiBoad Shop Grinding 

Abrasive processes are used extensively in railroad shops to 
replace operation heretofore performed by milling, planing and 
turning. A diversity of cylindrical work such as piston rods, 
locomotive and car axles, crankpins, studs, etc., are rough turned 
and finished by grinding. For many years the opinion persisted 
among railroad shop master mechanics that grinding wheels 
loaded the surface finished with abrasive, but in the light of 
latter-day knowledge this theory has been dispelled. 

Piston rods that have been in service are repaired readily 
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by grinding urithout removing them from the pistons. The pis- 
ton and rod assembly is mounted in a gap grinder and just 
enough material removed from the rod to make it round and 
straight. It usually is brought to a standard dimension so that 
it will fit metallic packing. 

Surface grinding also is employed to advantage in the rail- 
road shop. A rotary platen machine equipped with a magnetic 
chuck is especially desirable for it can be utilized for finishing 
a diversity of paris such as the sides of piston rings, link block 
plates, washers, etc. Guide bar grinding is also a surface grind- 
ing operation that is performed on a machine called a guide 
bar grinder. The work is located usually against two angle iron 
fixtures and fed back and forth past the face of a cylinder 
wheel. This operation is productive of much more economical 
results than are possible by planing and further the surface left 
by the grinding wheel mkkes an ideal contact for the cross- 
head shoes. New guide bars are planed nearly to size and then 
ground. Old guide bars are repaired by grinding by removing 
just enough material to take out the worn parts which are de- 
veloped by the angularity of the main rod forcing the crosshead 
against the guide bars. 

Links are ground on special machines called link grinders. 
Both built-up and solid links can be ground. Solid links are 
groimd out to fit their blocks and in repair operations, the link 
is ground out just enough to true it up and a new block fitted. 
Built up links are repaired readily by grinding by removing a 
slight amount from the filler pieces at the ends. Then the link 
is assembled and ground to fit the block. 

A large amount of general grinding is performed in the 
railroad shop usually on large wheels mounted on substantial 
stands. Tool grinding operations consist of sharpening lathe 
and planer tools etc., and in sharpening milling cotters, reamers, 
etc. The former operation can best be performed in the tool 
room on special semi-automatic tool grinding machines so that 
the operators simply exchange dull tools for new reground ones, 
one of the tool-crib boys keeping up the stock of ground tools 
in his spare time. 

Cutter and reamer grinding is performed by regular 
methods, usually on universal grinding machines of substantial 
design since the tools employed on railroad shop work are com- 
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paratively heavy. In general, railroad shop grinding involves 
special operations so that it is classed as a special branch of 
abrasive practice. But little has been accomplished in sim* 
plifying methods except in the larger shops as production time 
does not appear to be an important factor in the railroad shop, 
except in specific instances. 

A special grinding operation performed in railroad ifiiops 
consists of fitting throttle valves in their seats. This is accom- 
plished by hand grinding with carbide of silicon grain and oil, 
usually 60, 90 and 120 grits. The operation does not differ ma- 
terially from that of grinding automobile valves in their seats 
except that it is more laborious owing to the size and weight of 
the parts. 

Beameb and Tap Flute Gbinding 

The flutes of taps and reamers can be ground by hand. This 
requires some skill, but it is attained easily. The wheel should 
be from 60 to 80 grit in a medium grade and preferably in elastic 
bond. It is necessary to true the wheel face to the shape it is 
desired to generate. This is accomplished readily with a hand 
diamond tool or with a mechanical dresser. The object of grind- 
ing the flutes is to enable the tool to cut smoothly, so that all 
that is necessary to remove is just enough to make a smooth 
surface. In cases where wheels are not available, the flutes can 
be polished with abrasive grain mixed with oil and applied with 
a hardwood stick. This is rubbed back and forth over the flutes. 
Where reamers and taps are made in large quantities, the work 
generally is set up between centers for grinding the flutes, al- 
though in many instances the hand method is preferred. 

Begbindino Autouotive Pabts 

The principal operations Involved in regrinding automotive 
parts are grinding worn (flinders, fitting new pistons and rings 
and regrinding crankshafts. In some instances cylinders are 
honed in place of grinding but this method is not always prac- 
ticable. The machine-tool equipment of the average regrinding 
shop includes a cylinder-grinding machine, universal grinder 
with attachments for finishing crankshafts (or a so-called auto- 
parts grinder), drill press, engine lathe, washing tank and test- 
ing apparatus and gages. 

The washing tank cdiould be large enough to contain the 
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largest size (^linder blocks. It should be filled with a sal-sooa 
solution of sufficient strength to leave a white deposit when dry. 
A bucket of soda to six buckets of water should give good re- 
sults. The tank should be heated, either with a steam coil or by 
a fire underneath. The block (^ould be cleaned in this tank 
before and after regrinding. 

Cylinders are ground on special machines provided for the 
purpose. The work is located on an angle iron fixture, while 
the wheel spindle is supplied with a planetary movement to reg- 
ulate the depth of cut. One type of machine, however, is ver- 
tical, so that the work is located directly on the platen. In us- 
ing the horizontal tjrpe machine, which is the most common, 
care must be exercised to make sure that the angle-iron fixture 
stands square with the wheel spindle. This can be tested with a 
sweep indicator. With the block in place on the fixture all the 
bores are reground to one size generally. The kind of wheel 
to use depends on the nature of the material to be ground. The 
Heald Machine Co. gives the following data pertaining to wheel 
selection: 

Grade of Caiborandnm 


Cast Iron 

AbraslTe Co. 

American Co. 

Company 

Cortland Co. 


Electroion 

Carbolite 

CarbonmdTUU 

Cabora 

Soft 

80-J 

86-J 

866-P-OF 

86-1 

Medimn 

80-1 

86-1 

808-S-OH 

86-H 

Hard 

80-H 

86-1 

808-S-OH 

86-H 

For 

Borlon 

Corundum 

Alozite 

Ozaluma 

Steel 

4S-J 

7786-J 

86-P-L6 

86-E 

Grade of 

Cast Iron 

Sterling Co. 

Norton Co. 

Vitrified Co. 

Waltham Co. 


Sterbon 

Crystolon 

Carborlte 

Carbowalt 

Soft 

86-1 

86-1 

46-H 

46b-I 

Medium 

86-H 

86-H 

86-1 

86 s-I 

Hard 

86-H 

86-H 

86-H 

86b-H 

For 

SterUth 

Alundum 

Borite 

Special 

Alowalt 

Steel 

86-1 

8886-1 

46-H 

86 B-I 


Many cylinder grinding machine operators make a practice 
of truing wheels with an abrasive brick held by hand. Better 
results can be obtained, however, by using a diamond tool 
mounted in a holder that is provided for the purpose. The 
wheel must be true to accomplish the best results. 

The machine must be in good condition to insure the pro- 
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duction of food work. If it vibrates^ chattering will result. 
The spindle boxes most be adjusted correctly and the noachine 
preferably should be set on a firm foundation. If it is neces- 
sary to locate the machine on any but a ground fioor it should 
be near the wall or a supporting column. 

By exercising judgment the operator can tell how much 
stock to remove in roughing and finishing. For example, let it 
be assumed that it is necessary to grind out 0.015-inch. With 
the eccentric motion operating at its fastest speed 0.004-inch 
should be removed on the first pass in through the cylinder, 
0.002-lnch coming out, 0.004-inch on the second pass in, 0.002-inch 
on coming out, 0.002-inch on the third pass in and 0.001-inch 
coming out. l^e wheel is fed through the fourth time with no 
additional depth of cut. 

If the wheel is too hard it will glaze and will not produce 
round or straight holes. Of the other hand if it is too soft it 
will break away readily without Sfrinding. In the foregoing list, 
the wheels listed for hard iron are best for such castings as 
Fierce-Arrow, Mack and Packard trucks as these cylinders are 
quite hard. The wheels recommended for medium cast iron will 
handle 90 per cent of all jobs. Occasionally soft blocks are en- 
countered. On such work the wheels listed for medium cast iron 
do not cut freely. In this case the eccentric speed should be 
increased to its utmost capacity and the wheels listed for soft 
cast iron should be used. Steel (flinders should be ground with 
the wheels listed for that purpose. 

Occasionally a (blinder will have abnormally thin walls due 
to a core having become shifted when the block was cast. Thus 
in regrinding, the wheel may break through. This also is true 
sometimes when the operator attempts to remove an abnormal 
amount in finishing a cylinder that is scored. It is best to fill 
the scores with one of the special preparations made for the 
purpose before regrinding. At any rate a scored cylinder should 
be reground at the owner’s risk only. In cases where a large 
amount of stock must be renewed the cylinder block may be 
overheated and when cold the opening will be altered. In this 
case it is advisable to rough down all holes to within 0.002-inch 
of the desired size before taking the finiabiTig cuts. 

The piston cannot fit the cylinder snugly as clearance must 
be provided for expansion as the engine heats. No set rules 
can be given for piston clearances. 


I 
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As a general rule it is safe to allow a clearance of 0.001-in<^ 
for each inch of diameter for cast iron pistons. However, 
not all manufacturers favor this allowance. A close allow- 
ance is practicable if the fitting of the pistons, rings and 
piston pins is a first class job performed by a skilled 
mechanic. Furihermore, assurance must be had that the owner 
of the reconditioned motor will not exceed a speed of 26 miles 
per hour during the first 500 miles of driving. If the job is 
for a racing car or taxicab it is advisable to leave a liberal 
allowance, say 0.00126 to 0.0015-inch for each inch of piston 
diameter. Racing cars and motor trucks are subjected to heavy 
duty so that their engines bear more than do those of pleasure 
cars. Taxicabs generally are driven recklessly so that it is ad- 
visable to take no chances. Piston manufacturers, especially 
those who market alloy material, can state best what dearance 
should be allowed in fitting their products. The average regrind- 
ing shop cannot make oversize pistons as cheaply as they can be 
purchased outside. 

After the bores are ground the oversize pistons are ground 
on an autoparts grinder to fit. Then the piston pin holes are 
reamed and the piston pins fitted. These also can be purchased 
cheaper than they can be made. It is essential to square the 
rods on a spedal fixture provided for the purpose. Otherwise 
if the rod does not stand square, the piston will not fit its bore 
correctly. It will bind and cause excessive wear. 

The piston rings must fit their grooves freely. If they fit 
too snugly this can be remedied by rubbing them on a sheet of 
abrasive doth placed over a bench block. The gap in the piston 
rings never must fit snugly. Otherwise the ring will expand in 
use and score the cylinder. A safe rule is to allow from 0.001 to 
0.002-inch dearance between the ends of the ring for each indi 
of cylinder diameter. 

In some instances worn cylinders are honed in preference to 
grinding them. While this practice may be satisfactory for 
finishing new cylinders, it is open to question in the regrinding 
shop. Cylinder hones are appliances fitted with abrasive stones. 
They are fed through the cylinder bore with a spiral motion 
while the hone is rotating. The practice of lapping cylinder 
bores with abrasive and oil is not to be recommended. 

Expensive crankshafts can be reconditioned by grinding, but 
in the case of an inexpensive shaft for a popular-price car, econ- 
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omy will be ehown by installing a new shaft. In regrinding a 
crankshaft, the first step is to test it to see if the main center 
bearing runs true. If it runs out the shaft must be sprung to 
bring it back in as correct alignment as possible. Then the 
shaft is mounted on offset blocks on a crank grinder, or on an 
autoparts machine that be used for this work. The offset 
blocte must be set to correspond to the crank throw, and the 
shaft rotated in the offsets to get one of the pins to run as 
true as possible when tested witii an indicator. In some makes 
of shafts where two pins lie in the same plane this setup suf- 
fices for finishing two pins. In grinding the pins, the work 
should be back-rested and only enough metal removed to dean 
up the pin. 

To scrape in the soft metal main and crankpin bearings of 
an automobile engine calls for considerable skill not possessed by 
the average layman. Again, this method is slow and consequent- 
ly costly. While the so-called method of burning in will give 
satisfactory results in the hands of an expert it is not an opera- 
tion to be attempted by the average man. Instead of burning in 
the bearings, he would bum them out. 

Considerable success has been met with in fitting these 
bearings with a very mild abrasive compound mixed for the pur- 
pose. This materid is supplied in paste form and is applied 
directly to the bearings. For fitting crankpin bearings, the 
shaft is held in a vise and one rod fitted up at a time. A small 
amount of the paste is applied to the bearing with oil, after 
which the bearing cap is bolted in place. The rod is then rocked 
back and forth until abrasive action ceases and a dull-finished, 
100 per cent bearing results. 

For fitting ibe main bearings, a small quanti^ of the paste 
and oil is applied and the shaft set in place. Then the bearing 
caps are bolted in place and the shaft rocked back and forth 
until a full bearing results. After all of the bearings are fitted, 
they are taken apart and washed with gasoline. 

It is possible to fit up bearings in the foregoing manner 
without taking the engine out of the car. In this case one bear- 
ing should be fitted at a time. With the cap set in place the 
engine can be turned over by hand a few times. To remove the 
bearing compound from the upper halves of the main bearings, 
a cloth saturated in gaaoUne is held against the shaft as it is 
rotated slowly. 
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Roll GsiMDiNa 

Chilled iron and steel rolls are used in various industries 
for such operations as forming and calendering paper, rolling 
steel, grinding grain and finishing precious and semiprecious 
metals for jewelers’ use. Jewelers’ rolls also are used for mak- 
ing tin foil. Practically all the rolls on a Fourdrinier paper ma- 
chine are finished by grinding. They include the breast roll, 
couch rolls, press rolls, dryer drums, calenders and reels. Rep- 
resentative rolls as used on paper machines at the plant of the 
Champion Coated Paper Co., are of the following dimensions and 
weights: 


BoU 

Material 

Diameter, 

inches 

Length, 

inches 

Weight, 

pounds 

Breast 

Gun metal 

18 

168 

8500 

Suction couch 

Gun metal 

25 

168 


First upper press 

Granite 

22 

170 

6000 

Second upper press 

Granite 

24 

170 

8400 

Third upper press 

Gun metal, hollow 
Cast iron, hollow 
rubber covered 

24 

167 

8000 

Lower press rolls 

26 

166 

9000 

Dryer drums 

Cast iron, hollow 

48 

164 

9000 

Upper calender 

Chilled iron 

18 

162 

12,000 

Intermediate 


18 

162 

5500 

calender, four 

Next to bottom 

Chilled iron 

18 

162 

12,000 

Chilled iron 

28 

162 

26,000 

Bottom 

Beel 

Cast iron, hollow 

42 

166 

7000 


Super calender rolls also are finished by grinding. These are 
chilled iron and compressed cotton or paper. They range in face 
from 60 to 70 inches with 7 to 9 rolls in a stack. A representative 
stack at the Champion plant weighs from 60,000 to 75,000 
pounds. The bottom roll in such a stack weighs from 7000 to 
10,000 pounds, the top roll from 5400 to 8000 pounds and the 
intermediate rolls from 2000 to 3000 pounds. From the sizes and 
weights of all of ihe foregoing rolls it is seen that paper mill roll 
grinding deals with very bulky materials. 

Such rolls are finished on a roll grinding machine carry- 
ing two wheels. Paper-mill roU grinding is not a production op- 
eration. Several rolls of each kind are kept in stock at all times 
so that worn rolls are exchanged for reground ones. However, 
the paper-mill roll grinding machine generally is in operation. 
It is a curious fact that practically one abrasive in one grit and 
grade is used for grinding all the foregoing rolls. This wheel, 
two to a machine, is 14 inches in diameter, 1^-inch face, 70 
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grit, 4 grade, shellac bond, carbide of silicon. Such wheels should 
be operated at about 5000 feet per minute peripheral speed. The 
work is mounted on brackets by its journals and turned at an 
approximate speed of 20 feet per minute. The depth of cut is 
about 0.001-inch. As may be imagined, considerable time is con- 
sumed in grinding some of the large rolls, several days if they 
are badly worn. The work is cooled by a stream of clear water 
delivered from the diy mains. The rolls must must be crowned 
to offset the sag caused by their weight. The amount of crown 
may vary from 0.1 to 0.3-inch, depending on the length and diam- 
eter of the roll. The roll grinder does not attempt to overcome 
the sag by getting a straight top to the roll as it rests on its 
journals. He overcrotons it, on the other hand, so that when 
it is subjected to the weight of the stack it is depressed and no 
light will show through the joint. Bottom and next to bottom 
rolls are crowned as also are top rolls in some instances. In- 
termediate rolls are not crowned. These heavy rolls are ar- 
ranged in orderly piles on the store room floor under an over- 
head trolley so that the problem of getting them in and out of the 
grinding room is met readily. 

Steel min rolls are of various sizes, being made of both steel 
and chilled iron. For many years they were reconditioned by 
turning. Of late years, however, the special massive grinding 
machines developed for the purpose have proven very efficient. 
In strip mills, hot rolling is done with chilled rolls from 12 to 20 
inches in dimneter and from 16 to 24 inches long. Such rolls 
are ground concaved. High flnish is not necessary in this case. 
Bolls used for cold rolling must be finished well to produce good 
work. Such rolls are from 8 to 20 inches in diameter and from 
12 to 28 inches long. They are crowned to a slight extent to 
compensate for expansion due to heat from the journals. Hoop 
steel is rolled between chilled iron rolls from 6 to 14 inches 
in diameter and 9 to 18 inches long. Tin plate rolls are chilled 
iron 28 inches in diameter and 82 inches long. They are finished 
with a slight concave. Bolls for coating sheet metal with hot tin 
are alloy steel from 8 to 6 inches in diameter and from 8 to 9 
feet long. They are crowned to varying degrees. Sheet steel 
is rolled between chilled iron rolls 20 to 40 inches in diameter 
and 44 to 200 inches long. These rolls are crowned. 

The foregoing steel mill rolls are finished on special grind- 
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ing machines. The grinding wheel must be of a grade and bond 
to break away readily as the abrasive grains become worn. In 
general, a peripheral speed from 5000 to 6000 feet per minute is 
recommended. The work speed should be about 60 to 70 feet 
per minute. This can be increased to 90 or 100 feet per minute 
for finishing. The wheel should be trued with a diamond with a 
slow traverse speed. The roll is located from its necks or journals. 
These must be round, for if they are not, accurate results on the 
roll face cannot be assured. If the journals are worn out of 
shape, the roll should be located between cmiters and the journals 
ground true. In comparing roll grinding and turning, S. S. 
Shoemaker gives the following data, which was obtained from a 
number of representative steel mills : 


Diameter of roll, inches 28 

Length of roU, inches 82 

Depth of chill, inches % 

Approximate cost of new roll 400.00 

Approximate salvage price of used rolL 100.00 

Net cost of roll 800.00 

Value of metal saved by grinding 8.20 

Cost of turning a roll, 8 hours at 70 cents per hour 2.10 

Cost of grinding a roll, % hour at 50 cents per hour. 1.71 

Total savings 4.91 

Approximate cost of 80 x 96-inch roll grinder installed 16,000.00 

Interest on investment at 6 per cent 960.00 

Depreciation of grinder at 10 per cent 1600,00 

Yearly cost of the investment 2560.00 

Interest on the Investment at 6 per cent 880.00 

Depreciation of the machine at 10 per cent 550.00 

Year^ cost of a roll lathe investment 880.00 

Net yearly coat of grinding machine investment 1690.00 


Summary — 

Grinding 80 rolls a week saves $7659.00 per year, or 87 per cent 
of the investment. 

Grinding 50 rolls a week saves $12,766 per year, or 69 per cent 
of the investment 

Grinding 100 rolls a week saves $26,582 per year, or 149 per cent 
of the investment 

The chief saving by grinding these large rolls is that only 
enough need be removed to true up the roll. Thus the chiU, the 
vital part of the roll, is conserved as much as possible. T^en 
rolls are turned enough material must be removed to enable the 
tool to cut properly. 

Rolls for rolling tin and other foil are hardened steel. They 
are ground in cylindrical grinding machines generally, as this 
work is a precision operation. Such rolls are from S inches in 
diameter and 6 inches long to 14 inches in diameter and 19 
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inches long. They are forged steel and rough ground with a 
wheel in 24 combination grit, E grade. They are finished with 
an ZF gril^ I grad^ carbide of silicon wheel. Formerly such 
rolls were finished by lapping with emery. This is a long process. 
^ the finishing operation with the fine-giit abrasive wheel, the 
cooling medium is water and it must pass over the roll once only 
to make sure that all grit is removed. 

Seed-crushing rolls are used for crushing cotton seed princi- 
pally. They are either chilled iron or steel and are mounted one 
above another in various combinations. Usually the stands are 
five rolls high with rolls from 12 to 18 inches in diameter and 
from 48 to 72 inches long. The lower roll is the largest and 
sometimes is termed the backing roll as it supports the others. Two 
methods are followed in grinding these rolls. They are sup- 
ported on their centers or by their journals. The latter method is 
preferred. They are ground on either of two types of machines, 
that is, regular cylindrical grinders or roll grinders carrying 
two wheels. In grinding on a cylindrical madiine, the rolls 
usually are rotated at a surface speed of from 100 to 200 feet 
per minute. The grinding wheel is approximately 80 inches in 
diameter with a S-inch face. Carbide of silicon wheels are used 
for fiwiflhing chilled-iron rolls and alumina oxide for steel rolls. 
The wheel travel is about V^-inch advance for each revolution of 
the work. 

Grain grinding or flour mill rolls run from 6 inches in 
diameter and 16 inches long to 10 inches in diameter and 42 
inches long. They are chilled iron. Corrugated rolls are used 
for breaking wheat and smooth ones for grinding middlings. The 
rolls become worn through constant use. With the corrugated 
ones it is necessary to grind away the old corrugations and to 
place new ones in place on special machines. With smooth rolls, 
all that is necessary is to rmnove enough material to true 
up. Two types of machines are used for fipiabng these rolls. 
That is, qrlindrical grinders and special roll grinding machines. 
When the grinding is performed on a regular cylindrical grinder 
the operation does not differ materially from that of grinding oil 
crushing rolls. In finishing the rolls on a roll grinding Trift<»Tn‘Tio 
equipped with two wheels, the work is located by its necks or 
journals and rotated at a speed of about 86 feet per minute. 
The wheels are operated at a surface speed of 6000 feet per 
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minute. The grinding is performed wet, city water usually be- 
ing used. The wheels are carbide of silicon, 10 inches in diam- 
eter, IV^-inch face, 80 grit, medium grade, shellac bond. The 
elastic bond is said to give economical results in grinding away 
the worn corrugations. This is not a production job in the 
strictest sense of the word, as one man can attend to two or 
three roll grinders and as many corrugating macdiines at once. 
Some of these smaller roll grinding machines operate on the 
swing rest principle while others do not. 

Roll Scoubino 

In the operation of rolling sheet metal, it is necessary to 
remove imperfections from the rolls frequently. Otherwise a 
smooth and uniform product cannot be secured. This is per- 
formed by an operation called roU scouring with special shape 
abrasive bricks, a popular form being shown in Fig. 46. Practice 



no. M— ABBASIVaBBIOK 
FOB BOLL BOOTnUMG 



no. 4s— DBVioig fob 

HOLDING BOLL 
800UB1NG BLOOK8 
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of applying the bricks differs in various mills. The arrangement 
sho'wn in Fig. 46 has been used with good results. It consists of 
a stout oak frame held together with tie rods, the bricks being 
held as shown. Pressure is applied by setting up the nuts on 
the tie rods . This device is used extensively for cleaning the so- 
called cold rolls, or rolls used for producing cold-rolled material. 
In the operation of roll scouring, the rolls are lubricated with 
palm oil as the yoke is fed back and forth across them. 

The arrangements shown in Fig. 47 are used for scouring 
rolls for finiHTiiwg hot stock. In ilie illustration at the left the 
bTr>/»Trii are held in wood levers which are brought against a 
fulcrum. In the device at the right two bricks are held on 
the of a long lever so that they bear on the top and bot- 
tom rolls simultaneously. The grits used vary in different plants, 
60 and 90 being favorites for scouring hot rolls. For taking 
out very deep scores, however, 36 grit is preferred. For finish- 
ing cold rolls 80 and 90 grits give good results.— A. B. Daven- 
port, Jr. 


Sad-Ibon Gbindino 

For many years the bottoms of sad irons were finished by 
locating them in a lathe chuck and facing them off with a turning 
tool. In some instances multiple lathes equipped with six head- 
stocks were used so that six irons could be in process of finish- 
ing simultaneously. More economical results, however, are at- 
tained by grinding. One method extensively followed consists 
of disk grinding. The iron is held in a special fixture and rocked 
back and forth past the disk face. The disk should be carbide 
of silicon, 16 to 24 grit Sad irons also have been ground 
economically on vertical spindle grinding machines equipped with 
ring wheels. In this case a number of irons can be located at 
one setting. After grinding the irons must be polished highly. 
Generally this is done on wood wheels faced with leather and set 
up with emery. The grit numbers vary, but No. 80 followed by 
120, then fiour is a good combination. The last wheel is greased. 

Safe Gbinding 

Abrasive operations are followed extensively in the manu- 
facture of safes and bank vaults and in many instances the 
grinding equipment is specially constructed. Pla^ generally are 
edged by Ending, one type of machine employing a traveling 
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wheel head fitted with a cylinder wheel while the work is strapped 
securely on the machine bed. Plates are surfaced with both solid 
and setup wheels. The former is probably the more e£3cient for 
roughing operations, that is to remove the scale and surface im- 
perfections. Subsequrat operations constitute technically a pol- 
ishing job which can be performed to the best advantage with 
setup wheels. 

Bound bars for grills, etc., sometimes are polished with 
polishing clamps and abrasive cloth, but better results undeniably 
are obtained by using a belt polishing machine which will pro- 
duce five times as much work in a given time than is possible to 
turn out by ihe hand method. Large circular doors and their 
frames are ground generally on huge boring mills with an 
abrasive wheel arranged on a wheel head on one of the tool slides. 
The process is slow, the production time being governed by the 
size of the work. 

In the manufacture of globular manganese steel coin safes, 
grinding must be relied on wholly, as this material cannot be 
machined by other methods. Door openings are ground by locat- 
ing the same on a special machine generally horizontally, although 
modified boring machines have been used for this purpose. The 
work must be ground to close dimensions. The doors also are 
ground by locating them on a face plate fixture or on a boring 
mill adaptation. After the parts are ground they are lapped 
together with carbide of silicon to make a tight joint. This is 
necessary as a slight opening would enable the professional bank 
burglar to introduce nitroglycerin. Hence a high degree of ac- 
curacy is necessary. In the lapping operation carbide of silicon 
and oil is placed between the parts and the door in position is 
oscillated back and forth for several hours by a mechanically 
operated arm. 

Saw Grinding 

The sharpening of band and circular saws generally is re- 
ferred to as saw filing, taking its name from the time when files 
were used exclusively for the work. For the same reason, one 
who grinds band saws is called a saw filer, while the operation 
is styled saw gumming. The wheels employed are called saw 
gummers. 

The location of the filing room is of the utmost importance. 
Generally it is placed just off the main mill so that the saws 
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can be handled readily. However, this location possesses a dis- 
advantage in that the filing room is subjected to considerable 
vibration. By housing the filing department in a separate build- 
ing, connected to the mill by a covered bridge, the vibration can 
be eliminated. This will result in better work. 

Another point that is not always given consideration is the 
manner of driving the filing department machinery. If the 
drive is from the same source of power that supplies the mill , 
usually a steam engine, the extra load thrown on the engine when 
a huge band saw strikes a log slows down the power before the 
engine governor has a chance to act as a compensator. A few 
revolutions less per minute make no difference to the sawmill, 
but when it slows down the grinding wheel on the saw gumming 
machine it makes the wheel act soft and thus reduces its life 
and cutting efficiency materially. A better plan is to drive 
the filing room machinery by a separate steam engine or an elec- 
tric motor. By this means constant speed is assured. 

Saw gumming machines are of two types operating on the 
same principle. One kind handles band and the other circular 
saws. In both types the wheel head is set at an angle and 
mechanical means are employed to raise and lower the wheel as 
the saw is pushed forward, tooth by tooth, by the feed dogs. As 
a general thing, the saw filer performs two operations on saws, 
that is, tension and grinding. Another operation performed 
occasionaliy is lap grinding. Saws are tensioned by ro lling them 
through a saw tensioning device, a machine equipped with two 
rollers and means for exerting pressure. Sometimes saws are 
hammered for the same reason. Tensioning is an exacting opera- 
tion for if it is not correct, the saw will not operate correctly. 

In saw gumming, the operator performs two operation which 
he terms roughing and pointing. The latter operation is simple, 
as a few cuts around the saw are sufficient in most cases. After 
a saw has been in use for a time, however, it must be swaged 
to give the teeth the proper clearance and then repointed. Swag- 
ing is performed with a special device, generally a hand-operated 
tool that swages one tooth at a time. 

When a saw is in a poor condition with a number of teeth 
ripped out from coming in contact with spikes, nails or other 
metallic substances imbedded in the wood, new teeth must be 
ground in place. This is a comparatively long operation as the 
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saw must be gone around many times. However, as the saw 
grinder is automatic in operation it can rim for hours at a time 
with no attention save an occasional letting down of the wheel 
to control the depth of cut. 

Wheels for saw grinding should be free cutting and not too 
fine. Fine wheels glaze as also do hard ones. This causes the 
temper to be drawn from the teeth and also it produces case 
hardening which develops cracks. Unsuitable wheels will ruin 
good saws in a very short time. The grit and grade to select de- 
pends on a number of local conditions and the best wheels for 
specific purposes can be determined only by tests as local con- 
ditions must be taken into account in nearly every case. 

Opinions vary as to the best type of wheel to employ. In 
the southern part of the United States, vitrified bond wheds are 
preferred. On the Pacific coast elastic bond wheels find the 
most ready sale for grinding the comparatively heavy saws used 
in that district. Thus whed sdection is a matter of opinion. 

Lap grinding consists of grinding the ends of a band saw 
tapered before it is brazed together. This operation is performed 
on a special machine called a lap grinder. The operation is not 
a complicated one by any means but wheels graded for the pur- 
pose should be used instead of a discarded stub of a saw gumming 
whed as in common practice. The operation is simple. The 
saw is hdd in a damping device and which locates it at an angle 
and fed back and forth under the whed. This is continued until 
the bevd is ground satisfactory. Then the other end is ground. 
Care must be exercised to get the bevds on the correct sides of 
the saw for otherwise they will not join properly. 

Saw-Mill Wheel Grinding 

When a band saw mill is in continuous use, the wheels wear 
rapidly so that they must be refaced at least once a year, ac- 
cording to J. D. Ge Bott. If the scrapers are not adjusted prop- 
erly to the wheel faces, the wear will be more rapid than it 
should be. The dirtier the lumber cut, the more wear of the 
mill wheds. The lower wheel wears more rapidly than the upper 
one as dirt from the timber drops between this whed and the 
saw. This causes the front of the wheel to wear rapidly which 
mftirpfl the saw run slack at the cutting edge. A band mill whed 
generally wears in two places only. The wear is found on the 
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extreme front edge and back from this edge about three inches. 
A hollow place is worn where the bade of the saw rides on the 
wheel. It runs high from this point to the back edge. 

Band-saw mill wheels generally are finished fiat, but some 
mill men advocate a slight crown. Under either condition both 
edges of the wheel should be alike when measured with an ac- 
curate steel tape. To remove the wheel from the mill for re- 
grinding would necessitate a costly operation so that special de- 
vices are utilized. Such a machMe embodies means for locat- 
ing abrasive blocks in a holder and feeding them past the wheel 
face. The device is made to locate on the mill in close prox- 
imity to the wheels to be finished. 

Before grinding the lower wheel, it should be tested to make 
sure that it is level and if out of line it should be reset. Atten- 
tion also should be given the journal boxes to see that they are 
set up correctly. Tie grinding device then is set square and 
level and the blocks fed past the wheel face until all irregulari- 
ties are ground away. It is obvious that the wheel should be 
cleaned thoroughly of dirt and gum before the repair operation 
is begun. In some instances a cup wheel is substituted for the 
abrasive blocks. This wheel is driven by the action of the re- 
volving band wheel. It operates at a speed of approximately 
5000 feet per minute. It takes about an hour to rig up the ar- 
rangement and about five hours to grind one wheel. When 
grinding the upper wheel care must be excided to clamp the 
straining device securely. 

Sheab-BiiAde Grinding 

Shear blades as used on various machines for cutting metal 
sections are sharpened on knife grinding machines. The knife bar 
is adjusted to impart the necessary angle. Special 
called shear blade grinders also are used for the purpose. The 
grinding should be done wet. In some instances shear blades are 
sharpened by hand by locating them on a flat rest set at an angle 
and feeding them past the whed face. 

Shovel Grinding 

Shovels are cut to shape between cutting dies and then forged 
between chiUed iron dies. Abrasive operations in their manu- 
facture consist of edging and polishing the blades and polishing 
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the BtrapB and Banding the handles. Shovels are edged with 
hard-grit wheels, usually from 20 to 24 inches in diameter. Gen- 
erally two polishing operations are performed, before and after 
tempering. Muslin wheels about 20 inches in diameter set up 
with No. 46 and No. 90 Turkish emery or aluminum oxide are 
used. While a high polish is not necessary the surface must be 
smooth and attractive. After the handles are inserted the shovel 
straps are polished on the same type of muslin wheels used for 
flniahing the blades. The handles are put over four belts. The 
first belt is set up with No. 90 emery or aluminum oxide. It is 
used on the straps only. The second belt is set up with quartz or 
garnet about 2^ grit, the third belt is set up witii No. 1 ma- 
terial while the last belt is waxed only. The fiat parts of D- 
handle shovels are sanded on a muslin wheel set up with No. 1 
quartz or garnet. 

Skate Gbendino 

Skates are ground by locating them in a holder and feeding 
them by hand past the periphery of a grinding wheel. The hold- 
er is moved back and fortii over a table provided for the pur- 
pose, the table being adjusted so that the skate blade wiU be 
ground in correct relation to its vertical axis. The periphery of 
the wheel, of course, leaves the skate slightly hollow ground 
which condition is generally desired. One modd of the Ferodo- 
will grinder is fitted with a device for forming a concave wheel 
face so that hollow grinding can be done with a so-called length- 
wise finish. 


Skiving Machine Enifb Grinding 

The circular cutting knife on a skiving machine must be 
sharp at all times. These knives are sharpened as occasion re- 
quired by a means of a grinding wheel located on the skiving 
machine for this purpose. The wheel spindle is set at the re- 
quired angle and grinding is performed with a saucer wheel. 

Spring Grinding 

The ends of coil springs must be ground fiat and true. Sevr 
eral methods are followed. For example, ordinary size springs 
are held in a fixture usually a V, and fed past the face of a cup 
or cylinder wheel. In some instances the flat side of an ordi- 
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nary wheel is employed but this is not good practice. The ends 
of very gm«.ll springs often are ground by hand. The very large 
con springs such as used on railway equipment are ground by 
iiniHiTig ' in special fixtures and feeding them between two 
cylinder wheels on a double-head grinder. One recently de- 
vdoped Tti5M»TiiTift for this purpose carries wheel 24 inches in 
diameter. The madiine weighs 14,000 pounds. The coiled ends 
of flat springs sudi as used in automobile construction also are 
ground by passing them between two wheels. Usually the spring 
is located in a special holder. Vitrified wheels in about 24 grit, 
give the best results on spring grinding. Springs of ordinary 
size, such as automobile-engine valve springs and similar units, 
often are ground to advantage on a double-disk grinding ma.^ 
rTiiTift fitted with thick abrasive circles. The work is loaded into 
a carrier which is placed between the wheels. As these ma- 
diines generally are equipped with an automatic feed, the opera- 
tor can load one work holder while the grinding operation is 
in progress. The tension of the springs make their own grind- 
ing pressure. 

Square Hole Gbindino 

In general, this is an expensive operation as the grinding 
proceeds slowly. It is performed on a special machine fitted with 
an arm which carries the grinding wheel. The parts necessa- 
rily must be fragile to enable to permit the gringing of small holes. 
The wheel is driven by a round belt. It is of the cup variety 
and rotated at high speed. It is fed in and out of the work au- 
tomatically. The work is located in a work head that can be in- 
dexed to generate the four sides. Such machines also are used 
for flm' flTii Tig hexagon and other multiple side holes. 

Stellftb Gbindino 

Stellite is an alloy steel used for turning and boring. The 
edge strength of such tools, according to the Haynes Stellite Co., 
is not as great as that of steel. Thus the edges must have 
adequate support. Machine grinding is to be preferred to off- 
hand grinding. Care must be taken to avoid checking. Wheels 
must not be forced to cut or overheating will occur. Light cuts 
should be taken and dry grinding is preferred to wet. Stellite 
tools should not be doused in water while grinding. The sudden 
chilling will cause checks. Avoid heavy grinding on the top of 
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the tool. Do the grinding on the end and aide. Grind on the side 
of the wheel — ^not on the periphery. Correct cutting angles are 
necessary. For cast iron a side slope of six degrees toward the 
chip (not toward the work) is most effident. This slope is best 
obtained by adjusting the angle of the tool holder or seat of the 
tool — ^not by grinding the top of the tooL For steel, a side slope 
of 8 to 10 desprees is necessary. In Fig. 48 is shown the right 



no. 61 — BTOOK IS WASTBD BT OBINntNQ IN 
THIS XANNXB 

way to grind stellite tools. Give the tools all the edge support 
possible and grind only the necessary minimum clearance. "V^en 
possible use cup or cylinder wheels. When these are not avail- 
able use the flat side of an ordinary wheel. After srrinding, re- 
move the wire edge with an oil stone. In Fig. 49 is shown an 



FIG. BS— THIS OBINnlNO lOTCHOD OONSBBVES 
STOCK 


incorrect application of a stellite bit in a tool holder. The over- 
hang, A, is excessive, dearance angle, B, is incorrect and the top 
grind, C, is unnecessary. This bit is too fragile to do good 
work. A correct application is shown in Fig. 50, wherever A is 
five degrees, D is six degrees, for cast iron and 10 degrees for 
steel, B is four degrees, E six degrees, C six degrees and R equals 
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2/3 of the depth of cut. Stellite should not be ground with a lip 
on the top of the tool. In Fig. 51 is shown the incorrect way 
to grind. This method will result in failure, although it often 
is followed in grinding high speed steel tools. The correct 
method is shown in Fig. 52, using the so-called end grind. A 
slight top grind is required on account of the 15-degree angle of 
various standard tool holders designed for high speed steel. 

In Figs. 51 and 52, an equal number of grinds are shown. 
The tool showing the correct method retains its original cutting 
profile length at A. In the illustration showing the incorrectly 
ground tool, the entire end must be ground away to regain idle 
original cutting profile. The waste of material is shown clearly 
by comparing dimensions A and B in the illustrations of the 
correct and incorrect methods. 

Stovb-Platb Gbindino 

Stove-plate grinding is divided roughly into three opera- 
tions as follows: Grinding the edges of sections to make the 
parts fit correctly, grinding out grooves in latches for doors, etc., 
and surfacing the tops of assembled stoves. Grinding the sec- 
tions to make thmn fit is essentially an offhand operation. Stove 
fitters become very expert at this work. Vitrified carbide of 
silicon wheels are used almost exclusively. Latches are ground 
out with thin rubber-bond wheels. TUs also is an offhand 
grinding operation. Surfacing generally is performed on a 
special machine. Stove-plate grinders can be purchased, but 
no end of home-made appliances are in use. Usually a carbide- 
of-silicon wheel with a comparatively wide face is used for 
roughing down, while the final finishing is performed with 
polishing wheels. 

SuBFACB Grinding 

As stated in Section YU, there are twelve types of surface 
grinding machines so that surface grinding practice depends to 
a large extent on the type of machine employed. Surface grind- 
ing procedure on the first type of machine mentioned, where a 
disk wheel is used in conjunction with a fixed platen, is generally 
termed spot grinding. The depth of cut is controUed by adjust- 
ing the platen vertically and it seldom exceeds 0.001-inch. Grind- 
ing is performed by passing the work under the wheel by hand 
first lengthwise, then crosswise and then diagonally. Very ac- 
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curate results can be obtained in this manner. For example in 
grindinsr hardened size blocks O.OOOS-indi is sufficient in many 
cases to remove the wheel marks. Such pieces generally are 
held in a little fixture so that they can be passed under the 
wheel readily. 

Madiines employing a fixed platen with a traversing cup 
or (blinder wheel sometimes are called traverse grinders. Th^ 
are excellent machines for finishing bulky pieces such as safe 
and vault parts. Such a machine essentially works on the edges 
of the parts to be ground. Thus its capacity is governed by the 
diameter of the wheel, as means for changing the relation be- 
tween the work table and the wheel spindle seldom are provided. 
In operating such a machine, the work is placed on the table and 
shimmed op to make it set level. Then it is damped in place with 
straps usually. Bunter blocks also should be provided to keep 
the work from shifting. The edge to be ground should be 
located as near parallel as possible with the wheel travel. As 
machines of the type in question are generally substantial, deep 
cuts can be taken. Thus from a production point of view they 
compare favorably with the planer or miller, even when working 
on soft material. 

When the design of the machine embodies a reciprocating 
platen and a disk wheel mounted on a horizontal spindle, quite 
a range of work can be accommodated. Such macbiriftH are used 
both in tool room and production practice. The easiest method 
for locating fiat work is to use a magnetic chuck. If such a 
chudE is not available, the work must be held in a shoe with 
pindi clamps against parallels, or it can be strapped to the 
platen. The magnetic chuck simplifies locating the work to 
sudi a great extent that it is hard and imusual to find a surface 
grinder that is not thus equipped. To depth of cut sddom 
exceeds 0.001-inch. The traverse feed ranges from a few 
thousandths of an inch to 1/8-inch for each reversal of the 
platen, depending on the design of 

When a machine with a redprocating platen is equipped 
with a cup or cylinder whed, one advantage is apparent as the 
wear of the wheel in getting across the work is With 

the type of machine under consideration the work generally is 
located on a magnetic chuck. These machines are used ad- 
vantageously on both tool room and production work. In oper- 
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atlng such a machine the automatic feed usually is set to feed 
the wheel down a slight amount, say from 0.0006 to 0.001-inch 
for each reversal of tibe platen. Plenty of grinding lubricant 
should be used and the wheel should be dressed, at the first 
sign of glazing. For locating odd-shape pieces such TnuftTifaftf i 
can be fitted with special fixtures. As a rule, however, 95 per 
cent of the work can be ground on a magnetic chuck. 

Machines with a reciprocating platen and a cylinder wheel 
mounted on a horizontal spindle are rapid producers. Such 
grinders, called side surfacers, can be used more economically 
than a miller or planer on almost any type of work. The wheels 
are massive; SO inches in diameter and greater. They usually 
are made in sections to minimize breakage, both in manufac- 
turing and shipping. The work must be located on angle irons 
in many instances although special angle-iron magnetic chucks 
often are substituted for plain angle irons. Special fixtures 
can be provided for locating odd-shape pieces. Thiese machines 
can take deep grinding cuts as they are exceptionally rigid. 
Grinding is performed wet while the wheel is trued with a special 
device that feeds a star wheel dresser over the wheel face. 

Two types of machines are fitted with cup or cylinder 
wheels mounted on vertical spindles for use with rotary platens. 
The simplest type is called a single-stroke grinder from the 
fact that one stroke of a hand lever performs the grinding. 
On such a machine the work, such as milling saws or washers, 
is located on the platen, the platen started and the wheel fed 
down to a stop by a hand lever. The wheel is raised and tihe 
work removed. A slight adjustment, of course, is necessary 
occasionally to compensate for wheel wear. These machines 
essentially are production units, although in a large tool room 
their installation would be justified. Late types of these ma- 
diines can be operated to advantage on production work as many 
refinements are included such as the automatic closing and 
opening of the electric circuit to the chuck, automatic control 
of the chuck rotation and automatic rising of the head when 
the work has been ground to a predetermined thickness. The 
larger machines, Blanchard grinders, are essentially production 
machines. The work is located directly on the (^uck in the 
loading position, then the chuck is fed under the wheel and the 
wheel lowered to the grinding position when the automatic feed 
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la throwa in. As soon as Hie work reaches a predetermined 
thickness, the feed is thrown out. Nonferrous substances cannot 
be hdd by magnetic attraction so they are located in special 
fixtures or on vacuum chudcs. Automatic machines of this type 
also are employed. They locate the work, grind it, discharge 
it, demagnetize it and then wash it. They also compensate for 
wheel wear. They are production machines of the highest order. 
The operation of such a machine is largely a matter of routing 
once it is understood. 

When a rotary platen is used in conjunction with a disk 
wheel mounted on a horizontal spindle, the effect of wheel wear 
is reduced to a minimum. Such machines in both the small and 
large sizes are production units. The operation of these grinders 
is simple and needs no comment. The smaller types of ma- 
chines also are equipped with automatic means for locating, grind- 
ing and discharging the work. For finishing the sides of piston 
rings, washers, etc., rotary-platen machines generally show high 
economy. 

The operation of the so-called oscillating grinders, whether 
the work or wheel is the oscillating medium, is largely a matter 
of routine as the wheel speed, work speed, etc., is controlled 
definitely. 

In general, surface grinding is not as complicated a pro- 
cedure as cylindrical grinding. In the latter case, the work speed 
and wheel speed often must be adjusted to suit local conditions. 
Hie wheel, etc., with surface grinding, wheel and work speeds 
generally are constant Thus, once the wheel is adapted to the 
work, litHe operating trouble should be experienced. Surface 
grinding should be performed wet when possible. A number 
of methods are followed for gaging the work. Some machines 
are fitted with special gages for determining when the work has 
reached the necessary thickness. Again, some operators rely 
on the down-feed graduaHons. The pracHce of coaHng one piece 
of finished work with copper, and putting it in place with the 
others is someHmes followed. As soon as the wheel removes the 
copper, the work is very nearly to the desired size. The work 
should be demagnetized if it has been ground on a magneHc 
chuck. As before stated, one type of machine demagnetizes its 
work, but in general this is a separate operaHon performed with 
appliances provided for the purpose. In ball bearing manufac- 
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ture it is of the utmost importance to demagnetize ihe work thor- 
oughly, for slight particles of metal dust would otherwise be 
attracted which would soon wear the bearing out. 

The grinding of square shafts and holes in gears and other 
parts is a special surface grinding operation. In grinding 
squares on shafts the work should be located between dividing 
centers. Then the wheel is fed to the work and a chip taken off 
one surface. The work then is indexed 180 degrees and another 
surface ground. Measuring with micrometers then will reveal 
how near the work is to the finished size. The four surfaces 
then are ground one after another. Hexagonal shafts are 
ground in the same way with the exception that six instead of 
four sides must be finished. 
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Production costs on precision grinding operations can be 
reduced in many instances by providing simple fixtures for hold- 
ing the work and employing the correct grinding equipment. 
The part shown in Fig. 58 can be considered as a practical illus- 
tration. The piece is machinery steel, case hardened, with the 
lower and two upper surfaces finished accurately by grinding. 
The former method followed in finishing these pieces was to 
grind them singly. Each piece was held in a vise on the surface 
grinder for finishing the bottom. After a lot of 100 or so had 
been finished, the upper surfaces were grotmd by setting them, 
three at a time, on a magnetic chuck. Considerable difficulty 
was encountered in maintaining the 6/16 dimension within the 
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prescribed limits. The production cost was excessive as it 
took 20 minutes to finish each piece. 

A more practical grinding method was devised which re- 
duced the production time to four minutes. After case harden- 
ing, the surface, A, Fig. 63, was cleaned on a disk grinder. No 
difficulty was experienced in holding the pieces against the 
disk by hand. The amount of metal removed was slight, while 
the purpose was to produce a flat locating surface for setting 
the pieces in place in the fixture diown in Fig. 64. Four of 
these fixtures, each carrying two parts, were located at one 
setting on a rotary-chuck surface grinding machine equipped 
with a disk wheel. Eight fixtures were provided so that the 



Magnetic Chuck 

FIG. 65-OBINDING TWO SUBFAOES 
SXHULTANEOnSLY 

operator could load and unload four while the others were in 
place on the machine. Thus, the loading and unloading time 
was eliminated entirely from the production costs. In this 
operation about 0.001 inch of metal was removed. 

Fig. 66 shows the novel arrangement employed for grinding 
the two upper surfaces. The pieces were located four in a row 
on a magnetic chuck. Two wheels, each ^-inch thick, were 
mounted as shown. One wheel was 6 inches in diameter and the 
other, 4 3/8 inches in diameter. The spacing collar between the 
wheels was of sufficient width namely, 11/16-inch, to permit 
both wheels to begin to cut at the same time. As Pig. 66 shows, 
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the wheels with the spacing collar between them are 
a special holder that was made to fit the surface grLu« 
chine spindle nose. Thus one wheel works on eadi su^jick.. . 
that the both are ground at one setting. 

To maintain the 6/16-iach dimension correctly it was 
necessary to exercise special care in truing the wheels. This was 
successfully accomplished with the device shown in Fig. 66, 
which is a diamond nib set in a cast iron block and held in place 
with a set screw. The method followed was to true-off the small 
wheel at the back and then, by the wheel-elevating screw gradua- 
tions, the wheel was raised 6/16-inch and the large wheel trued. 
In the truing operation care had to be exercised to get the 
diamond point as nearly under the bottom of the wheel as 
possible. 

With the appliances shown the grinding time on these pieces 
was reduced to four minutes each, divided as follows: rough 



FIGw 66 — SIMPLE DBIVICIBI FOB 
WHEEL mUlNG 


grind bottom, 8 seconds; finish grind bottom, 80 seconds; grind 
top, 8 minutes and 26 seconds. The grinding time for finishing 
the bottoms was reduced materially by finishing the eight parts 
at one setting in the four fixtures described. — ^Richard D. Jacobs. 

Bichard F. Moore supplied the following data pertaining to 
the accurate surface grinding of a small knife-edge square. 

The greatest difficulty encountered in making the square 
shown in Fig. 67 is to get the two knife edges parallel. At 
the right is an enlarged end view of the blade. I obtained 
excellent results recently in finishing a knife-edge square by 
the method illustrated in Fig. 68. The blade was hardened, 
rough-ground and thoroughly seasoned. Then it was finish- 


271 





THE ABRASIVE HANDBOOK 




FIO. 67— ENIFB-BDOE SQXTABE TO BE FINISHED AOOUBATBLT 
B7 GBINDING 


ground and lapped. Then it was located on the magnetic chuck 
of the surface grinding machine, as shown in Fig. 68 at the left. 
Surface, A, was located with a very sensitive dial indicator to 
make sure that it was in exact alignment with the longitudinal 
ways of the grinder. 

A fairly hard wheel previously had been dressed as shown 
at tile right in Fig. 68, which illustration also explains how the 
three flat surfaces were flnished at one setting of the work. 
It is a rather delicate job to grind the 46-degree angles, but the 
way to do this is to come as near as possible with ^e cross 
feed and then to use the vertical feed, which has a much finer 
control. After one side was finished, the blade was turned over 
for grinding the other side. After the grinding is complete, a 
skilled gage maker can lap off the comers shown at K, Fig. 68, 
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PIG. 69— HOW AN OBBINABY lO&TAIf-On^nnNG TOOL GBNBRATflS A OHCP 

and the grinding marks on the six flats. This operation can 
be -performed without altering tixe accuracy of parallelism. 

The chief reason for the satisfactory performance of recent 
grinding machines of the type wherein the grinding is done by 
the flat face of the wheel rather than its periphery, is due to 
their great rigidity and high power, according to Alan A. Wood 
Such machines necessarily bring about great pressure between 
wheel and work. The area of contact is usually large and the 
pressure per square inch must be great enough to force many 
thousands of the abrasive grains into the metal. Even when 
there is a large amoimt of cooling solution used, much heat is 
developed at each particular grinding point. A certain amount 
of heat, however, aids in the formation of the bftliVAl chip. These 
chips are crushed almost at once and their bulk tends to force 
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Via. 61— ABBABIVS AOnON IN OBNKHATINa A OHIP 

the wheel away from the work. The friction developed by these 
chips adds mudi to the power required for driving. 

Chip action is illustrated in Figs. 59 and 60. Fig. 69 shows 
how an ordinary metal cutting tool generates a chip like a dock 
spring. Such a tool has a cutting angle of less than 90 de- 
grees, as the illustration shows. Fig. 60 shows how a typical 
abrasive grain, which has a greater cutting angle than 90 de- 
grees, forms a helical chip. In Fig. 61 the abrasive action is 
shown dearly. At A, a grain of abrasive starts to make a heli- 
cal or cork-screw chip, and at B and C this chip lengthens. The 
chip breaks off at D and crumbles. At E, a second chip begins 
to form, the crumbles of the old chip remaining. At F and G, 



J ^ 


no. 6»--HOW A SBOIIEHTAL WBXBt. APrOBDB OLBABANOB 


274 



GRINDING PRACTICE 



FIO. as— BOBSKPO'WBR SBQtnBSD TO GKOO} A TXFIQAli >XAT SUBFAOB 


the second chip lengthens, the old crumbles remaining. A new 
chip begins to break at H, the old crumbles remaining. This 
cycle is repeated many times during each passage of each grain 
across ilie work. Thus an intense pressure is generated between 
the wheel and the ground surface. 

The segment-type wheel is believed to possess advantages, 
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indudiiif great wheel economy, cool grinding, easy admission and 
emission of coolant, and convenient handling of abrasive, both 
in and out of the machine. Segment wheels have been in use 
for more than ten years. They have been supplied in several 
forms, all of which have aided in the development of present 
types. 

Chip action as developed by a segment wheel is shown in Fig. 
62, In this illustration. A, B, C, and D, are the same as 
shown in Fig. 61, while E, F, G, and H, are a repetition of 
A, B, C, and D. With a segmental wheel, however, the recess 
enables the crumpled chips to be forced out of the way, both 
by grinding action and the cooling solution, so that the pres- 
sure between the wheel and the work is reduced materially. 
While the recesses in the wheel face afford chip space, their most 
valuable function is to permit a passage of the cooling solution 
to wash away the chips. 

A typical grinding problem is to produce in the matter of 
a few minutes, after planing or milling, a flat surface 52 inches 
wide, 144 inches long, no portion of which is to be more than 
0.0026-inch below any other portion. Such an operation can be 
performed readily on a surface grinding machine. Fig. 63 shows 
the horsepower required to grind a flat surface 86 inches long 
and 18 inches wide. The grinding time was 20 minutes and 
80 horsepower was required. By recessing the part as shown 
in Fig. 64, a little less than 60 horsepower was required, while 
title grinding time was reduced near]^ 50 per cent. These il- 
lustrations show graphically why recessed surfaces should be 
provided when possible. 

THKEiAD GBINDING 

Grinding is followed to quite an extent in producing very 
accurate screw threads on gages, hobs, etc. The practice also 
is followed in production work to some extent, such as finishi ng 
worms for automobile steerers. Not all forms of threads can 
be finished by grinding. For example, a true V-thread would 
be hard to produce due to the fact that the grinding wheel could 
not be trued to the theoretically fine apex necessary. Again, 
a Whitworth form thread would present difficulties as also would 
a square thread. Forms most adaptable for fi ni s hing by grind- 
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ing are those with flat tops and bottoms such as the United States 
standard and various worm threads such as the acme. 

A thread-grinding appliance must be equipped with a very 
accurate lead screw, for the flnished thread cannot be more ac- 
curate than the master used in producing it. Elastic-bond wbeds 
generally are used for thread grinding as they hold their shape 
well, ^^y are operated at a peripheral travel of about 5000 
feet per minute while the work speed sddom exceeds 20 feet 
per minute. The wet grinding process should be used whenever 
possible. The amount to leave for grinding depends entirely on 
the size and shape of the piece. Thus a short “chunky” thread 
gage can be flnished with a TniuimiiTn allowance. A larger piece 
that has been heat treated would require a liberal allowance as 
three factors would have to be considered: the accuraor of the 
screw used in roughing out the work in the soft state, the warp- 
ing of the piece in hardening and the longitudinal shrinkage of 
the stock. Experience is the only guide to follow in determin- 
ing the flnish allowance. 

Thbsad-Chasm Grinding 

Thread chasers should be ground preferably on machines 
provided for the purpose. If equipment of this kind is not avail- 
able, the toobnaker must exercise his ingenuiiy in setting up a 
small universal grinder for the operation. Proper lead clear- 
ance is of the utmost importance. Care should be exercised to 
have the throat clearance just sufficient to impart a good cutting 
edge. Too much clearance will weaken the die. In using any of 
the dies on the market at the present time it is well to get the 
manufacturer’s recommendations as to grinding dearances. 

Tool Grinding 

Left to their own initiative, mechanics grind tools to suit 
their individual tastes, to a sn^eat extent and while clearance 
angles have been established for various cutting tools such as 
used on lathes, planers, slotters, etc., no two men will grind the 
angles alike when following hand grinding methods. Hand 
grinding also is to be discouraged in the majority of instances 
as it results in a maximum amount of lost time. 

A better plan is to install a semiautomatic tool grinding ma- 
chine in the tool crib so that one of the tool-crib bosrs can keep 
up the stock of sharp tools in his spare moments. Thus the ma- 
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chine operators can exchange dull tools for sharp ones. Such 
tool grinding machines are equipped with adjustments for gen- 
erating the desired clearance angles on all kinds of tools. Charts 
are provided with them giving the correct angular setting for each 
cut. The angles were determined through careful researdi and 
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experimentation and the general use of the practice is sure to 
result in economy. Such a chart is simple to understand. The 
one shown in Fig. 65 was compiled by the Gisholt Machine Co. 
Let it be assumed that it is necessary to grind the right-hand 
finishing side tool that is shown at the top of the left-hand col- 
umn. The faces requiring grinding are marked A, C and D. The 
instruction panel carries the letters, D, A and C, at the left and 
at the top the letters, T, V, H, C. To grind the surface, D, the 
adjustments, T, V, H, C, are set at 30, 78, 0 and 15 degrees, re- 
spectively. The second illustration at the top of the chart shows 
the operator where to make the necessary adjustments. 

Track Grinding 

Some five or six grades of rails are used by traction com- 
panies, some being higher in carbon than others, and the grit 
and grade of the abrasive and the method of its application vary 
according to the work in hand, according to E. H. Lansing. 
Much of the rail material used is hard, open-hearth steel. Man- 
ganese steel possessing great wear-resisting properties, is large- 
ly used for frogs and switches. High-manganese steel welding 
rods seem to have solved the problem of making successful re- 
pairs on manganese special work for tracks. 

Both the reciprocating and the rotary methods of grinding 
are applied to street railway tracks. With the exception of 
some types of reciprocating grinding, no water is used and the 
grinding wheels run dry. In reciprocating grinding, where abra- 
sive blocks instead of wheels are used, water is piped from the 
machine so that it flows between the abrasive and the work, 
keeping ihe grinding surface cool and promoting free cutting. 
Experience has shown i^t reciprocating grinding removes the 
minimum of metal in attaining a smooth, tractive surface. The 
rotary method may be employed for snagging rough surfaces and 
high spots and for making a fairly smooth finish. 

Twenty years have been required to develop the most im- 
proved models of track-grinding machines and there is a wide 
variation in their design. Numerous adaptations and make- 
shift device of local construction from time to time appear 
in use on the street railways, but these ordinarily are employed 
merely to fill in, until the delivery of a machine of standard 
make. 
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In grinding tracks, care must be taken not to use a wheel 
or block that is too spongy, too fine, or too dense. Manufactured 
Aliimina wheels or blocks in vitrified bond are suited to this work. 
The blocks used in reciprocating grinders should have a rela- 
tively soft bond. 

The Philadelphia Bapid Transit Co., Philadelphia, and the 
Public Service Railway Co., Camden, N. J., are extensive users 
of track-grinding equipment. Both companies use rails of medium 
hardness. Neither company ever permits track corrugations 
to accumulate. The Philadelphia Rapid Transit Co. operates re- 
ciprocating, rotary, and portable telescope-shaft grinders. The 
Public Service Railway Co. on its Camden division, uses re- 
ciprocating and rotary grinders. The Boston Elevated Railway 
Co., Boston, is using 24 reciprocating track-grinders of a new 
type. This grinder has two aluminum oxide bricks, each 10 x 4 
X 2^ inches and usually of 16 grit, M grade, although the grit 
may be anywhere from 12 to 20, according to the work. These 
machines operate at the rate of 840 strokes to the minute and are 
employed largely to grind new joints. 

The ordinary reciprocating track grinder, which is of a 
simple tyi)e with the automatic features of some grinders elimi- 
nated, is a safe one to place in the hands of ordinary labor with- 
out fear of damage to the rails. It is operated with a 8^ horse- 
power motor, and the power is transmitted to the reciprocating 
head through an ordinary crankshaft and connecting rod. The 
transmission is by silent chain drive, direct from motor shaft 
to crankshaft. The abrasive used is in the form of four alumi- 
num oxide bricks, usually 16 grit, P grade, although the grit may 
be within the range of 12 to 20. 

Each block is 10 x 4 x 2^ inches, affording a grinding sur- 
face 11% inches long and 2% inches wide and each has a steel 
pin inserted in one end. The blocks are placed endwise in the 
cross head, or block holder, which slides bodily in guides. The 
stroke is 6^ inches at a speed of 870 strokes per minute. As 
the blocks wear down, the end wedge is slackened with a small 
hand wheel and the blocks are fed downward by means of a 
larger hand wheel operating the feed screw through a compres- 
sion spring. The grinding surface is long and straight so 
that the grinding elements cannot fall into a low spot. 

By turning a hand crank, which shifts the two 12-inch track 
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wheels sufficiently to cover the rail with the abrasive blocks, the 
machine may be operated on short radius curves. There is an 
outrigger equipped with track wheels for the mate rail. The 
outrigger is detachable for convenience in hauling or storage. 
The time consumed is approximately 40 seconds from cessation 
to resumption of grinding. This machine is used on joints, 
corrugations and special work and can easily cover 250 to 860 feet 
of grinding surface in a day's time. 

While rotary grinders generally are used for taking off 
rough spots and similar coarse work, the reciprocating machine 
is used more especially for finishing. The latter is derailed 
through a hoisting gear operated by a hand crank and two derail 
or transporting wheels, each 4 feet in diameter. The opera- 
tor turns the hand crank in one direction to hoist the machine 
onto the transporting wheels and turns it in the reverse direc- 
tion to lower the machine to the track. 

To start the reciprocating machine, the operator attaches the 
end of the wire from the trolley pole to the terminal on the 
switchboard, first passing the wire through a hole in the switch- 
board housing. The machine is placed over the rail to be ground, 
and is lowered to the rails in the manner previously described. 
Water is supplied to the abrasive blocks from a tank carried on the 
machine. Care should be taken to have the abrasive free from 
the tracks when the machine is started. 

In grinding corrugations, the rail is traversed a short dis- 
tance, which plainly shows each corrugation distinctly. At fre- 
quent interv^ the machine is pushed ahead so that the rail 
being ground may be examined, it being necessary to continue 
grinding until e^ dark spot disappears. In grinding joints 
the operator makes i^e cut across the depression and nicely tapers 
the extreme ends of the cut to meet the original rail-head sur- 
face. New joints are levded by light cutting directly over them. 
Water is used freely in all these operations, care being taken 
to keep the holes in the water pipe clear. 

The rotary track grinder is used extensively for removing 
surplus metal after a low joint has been built up by arc-welding 
and for grinding cupped or pounded rail ends at the joint. It 
is driven by a 6-horsepower motor which is directly connected 
to the grinding wheel. This wheel is mounted on a sliding car- 
riage which is moved backward and forward in guides over the 
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rail to be ground, by means of a large hand wheel In front of 
the operator. The motor is mounted on a hinged plate and the 
belt may be tightened by adjusting one bolt. Two small hand 
wheels are provided at either ^d of the machine for feeding the 
grinding wheel to the rail to compensate for the wear of the 
abrasive wheel. There are levers under each hand wheel for 
quickly raising the grinding wheel before derailing the ma- 
chine. Derailing is accomplished through the operator turning 
the hand crank at the end of the machine, thus lowering the de- 
rail wheels to the pavement and raising the heavy end of the ma- 
chine from the track. Ninety per cent of the weight of the ma- 
chine is suspended over the derail wheels and the operator can 
easily raise the outrigger end of the device and pull it off the 
track as a trolley car approaches, or when he is through with his 
work. The derail wheels are 30 inches in diameter and the ma- 
chine can be trailed behind a truck. 

An important feature of this machine is a simple adjust- 
ment whereby the grinding wheel may be tilted to any desired 
angle, thus eliminating constant hand-dressing of the wheel which 
otherwise would be necessary to avoid changing the angle or con- 
tour of the rail head. 

The grinding wheel has an outboard bearing which tends to 
prevent whed-chatter and the tendency of the wheel to grind 
cups in the rail. The outboard bearing has bronze bushings on 
a three-point suspension to take up wear. The grinding wheel, 
as a unit with the motor, travels forward and backward over the 
rail, while the machine is locked stationary on the track. The 
abrasive wheel used ordinarily is aluminum oxide 14 inches in 
diameter, 2^-inch face, 16 grit, P grade. It is driven at the 
speed of 1750 revolutions per minute. 

The grinding operation is as follows : After the machine has 
been placed on the track, the end of the wire on the trolley pole 
is attached to the terminal post on the switchboard and the trol- 
ley pole is suspended from the overhead trolley wire. The two 
small hand wheels at either end of the machine raise or lower 
the grinding wheel at the end of tiie run. The operator must be 
careful to have the abrasive wheel clear of the track when the ma- 
chine is started. Before starting to grind, he moves the car- 
riage backward and forward by means of ^e large hand wheel 
until the abrasive wheel touches the rail at both ends of the run. 
He is careful to avoid chipping the grinding wheel when de- 
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railinfir, using the lever under the two small hand wheels to lift 
the abrasive wheel clear of the track. When replacing the ma- 
chine on the track, the operator notes that the levers are thrown 
back into place before he resumes grinding. The grinding 
carriage is moved slowly backward and forward over the rail by 
turning the large hand wheel in front of the operator. At both 
ends of the guides on which the grinding wheel carriage travds, 
there are adjustment bolts for raising the guides at each end, 
permitting the grinding wheel to run off to a gradual taper, at the 
end of the stroke, instead of grinding the rail-head to a shoulder. 
When it is necessary to dress the grinding wheel, the hand dresser 
is inserted in a bracket under the machine. 

The portable telescope-shaft grinder is a variation of port- 
able track-grinder having a flexible shaft. This is a small, light 
grinder, which is simple in construction and easily moved about. 
It has square tubing and a square telescopic shaft. There are 
two universal joints at each end of the shaft and ihe ma ch in e 
is equipped with a derail, or transporting wheel on one side. 
The operator merely pulls the head of the machine around 
when a trolley car is about to pass. 

The operator, in grinding, holds the machine by a long 
hftTiHift and can draw it back and forth after the manner of a 
lawn mower. It is equipped with a 8-horsepower motor mounted 
on a separate carriage which remains off Ihe track. It is used 
on open-hearth steel tracks for pick-up work, for roughing off 
joints just welded, and for grinding frogs and switches. An 
aluminum oxide wheel 10 inches in diameter, 1-inch face, 16 grit, 
P grade is used and ordinarily it is revolved at 1800 revolutions 
per minute. 

A type of portable swing-frame grinder equipped with a 
movable swing-frame and arms and a ball-bearing head in an 
upright pedestal is also used for track grinding. The arms can 
swing backward and forward, so the operator can readily move 
the wheel over the rail. The grinding wheel can be turned com- 
pletely around, making it easy to grind in the groove, or on the 
back of the rail at any desired angle. A lock-pin on the grinding 
wheel head, directly within reach of the operator, is the only 
adjustment needed for turning the grinding wheel to any angle. 
All the moving parts of this grinder, except the lower half of 
the abrasive wheel are entirely enclosed. The steel bevel gears 
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nm in an oil-tight gear case packed with transmission grease. 
All the hand movements of the operator are lightly and easily 
performed and only slight effort is required to exert the neces- 
sary wheel pressure against the rail in grinding. To derail the 
Tnaflhinfl, the operator simply pulls the head around so that the 
grinding wheel is off the track. This machine is used for re- 
moving surplus metal after building up low joints and special 
work by arc-welding. The wheel used is aluminum oxide, 12 
inches in diameter, 1^-inch face, 20 grit, P grade, operated at 
1760 revolutions per minute. 

Valve Gbindino 

Automobile-engine valves should be ground in their seats 
occasionally. Otherwise they are not gas-tight which results 
in a lack of power. An excellent medium for grinding in the 
valves is No. 120 carbide of silicon. A number of valve grinding 
compounds, however, are on the market the basis of which is 
carbide of silicon. The use of these compounds saves the neces- 
sity of niiTiTig the granular material with oil. 

If the valve seats are worn or pitted deeply, it may be neces- 
sary to recondition them with a valve facing tool. The valves 
also can be refaced at slight expense by taking them to an auto- 
motive engine repair shop equipped with a grinder for this purpose. 
hx cases where the valve stems are burned to a depth of more 
than 1/16-inch on the diameter new valves should be fitted. 
These are not expensive. A burned valve stem is liable to break 
and if the engine happens to be of the overhead valve type, the 
broken valve will fall into the cylinder where it is liable to 
punch a hole through the piston head, spring the connecting 
rod or crankshaft, or cause other trouble. Thus new valves are 
cheapest in the long run. 

A number of appliances are on the market for valve grind- 
ing. They all embo^ means for turning the valve in its seat 
Some of these devices are efficient — others are useless. The 
expert who understands the business gets along very well with 
a screw driver. Many inexpermiced motorists make a mistake in 
applying too much pressure during the valve grinding operation. 
This does not give the abrasive a chance to cut. 

After the head has been removed, the valves should be 
taken out and washed in gasoline. Then starting with No. 1 
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valve (the valves are numbered, or they should be) apply a 
small amount of carbide of silicon and oil to the valve and set 
it in its seat. Twist it back and forth with a rotary motion by 
means of a screwdriver or other appliance, lifting the valve 
occasionally to give the abrasive a chance to spread over the 
seat. Continue this operation as long as the abrasive can be 
heard to cut. As soon as it ceases scratching lift the valve out, 
clean it and its seat with gasoline, apply some more abrasive and 
continue the operation until a good even bearing results. This 
should show a dull finish with no carbon pits. 

Great care must be exercised in wiping out the seat for if 
a slight amount of carbide of silicon is permitted to work into 
the cylinder it will wear the walls and later it may work into 
the main bearings through the lubricating system. The results 
will be disastrous, to say the least. 

In automobile manufacturing plants, the valves of motors 
are ground in their seats with No. 120 carbide of silicon grain, 
mixed with oiL Usually the operation is performed under a 
special machine designed for the purpose. Such a machine has 
a number of spindles, eight or twelve, depending on whether 
four or six-( 7 linder motors are made. These spindles have a 
reciprocating movement which imparts a little more than one 
turn to the valve. Connection between the spindles and the 
valves is made by a suitable driver. In the grinding operation, 
springs are placed under the valves so that as the spindles are 
automatically raised at frequent intervals, the grain and oil has 
a chance to spread over the work, thus affording a better cutting 
action. The valve in one motor can be ground in place in 
about one and one half minutes. 

The throttle valves of locomotives are ground in place with 
carbide of silicon. Such valves are of the semi-balanced type so 
that two seats must be ground. No. 60 grit material is used 
mixed with oil followed by grinding with Nos. 80 and 120 grit. 
Usually the valve is turned in its seat by hand by means of a 
wooden lever clamped in place by a bolt through the spindle 
hole. 

Brass cocks are ground in their seats. Formerly powdered 
glass mixed with oil was used, but today artificial abrasives are 
employed generally. Usually an appliance is used that locates 
a number of cocks at once so that several can be ground 
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flimultaneoasly. Where one cock only is to be ground, a repair 
job for example, it can be ground in by hand readily with carbide 
of silicon, emery, powdered glass, garnet or quartz. 

Wobble Wheel Gbindimo 

A wobble wheel, so-called, is one mounted between angular 
flanges so that its sides are set at an angle as shown in Fig. 66. 

Such wheels have been used with considerable success, es- 
pecially on certain classes of surface grindingr. Due to its 
peculiar manner of mounting, a wheel of this kind operates over 
the work with a shearing cut which is said to be productive of 
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excellent results. As the Illustration shows, the wheel flanges 
are tapered on the inside. In mounting a wheel in this mftWTT«»y 
the hole in the lead bushing must be enlarged as shown at the 
right so that it will fit freely over the spindle without setting 
up a side strain as the spindle nut is set up. Even a slight 
side strain would break the wheel. The flanges should be 
recessed on the fnslde as in regular practice. After Ihe wheel is 
mounted it is, of course, necessary to true off its periphery to 
bring it parallel with the spindle axis. 




SECTION DC 

GRINDING WHEELS 


In the following pages will be found data pertaining to the 
manufacture and use of grinding wheels arranged in alphabeti- 
cal order as follows: 
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Gentrlfogal Force In Wheels ................. 288 Pot Balls 819 

GhceUnr Wheel Production ...................... 288 Seotloiial Wheels 821 

Outoff Wheels 290 Selectinr Wheels by the Spark Method 821 
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Economy of Large Wheels ...................... 292 Skillet Wheels 864 

Filled Wheels 298 Storage of Grinding Wheels 866 

Grinding Wheel Industry 298 Testing Wheels for Bffldency 866 

Grinding Wheel Manulhetiire 297 Testing Wheels for Safety 868 

Grinding Wheel Standards 800 Wear of Grinding Wheels 869 

Grinding Wheel Ihrade Names .............. 818 Weights of Grinding Wheels 861 

Grits, Grades, and Bonds 816 Wheel-Operating Suggestions 801 

Glased end Loaded Wheels 817 Wheel Speeds 864 

Horsepower for Operating WheelB ...... 818 Wheel-Truing Praotloe 866 

Master Blocks 819 Wlre-Web Wheels 869 
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GRINDING \VHEELS 
CxiNTBrnroAL Fobce in Wheels 

Centrifujral force, which is the cause of an overspeed wheel 
fracturing, increases as the square of the velocity of the wheel. 
For example, the centrifugal force in a wheel operating at a 
peripheral speed of 6600 feet per minute is 49 per cent greater 
than iu the same wheel running at a peripheral speed of 4600 
feet per minute, notwithstanding that the speed is only 22 per 
cent greater. 

Checeino Wheel Pboduction 

Grinding wheels used in foundry cleaning rooms possess 
possibilities of increased production as do tools in any other 
part of the factory, according to C. C. Hermann. However, to 
learn that a given wheel has a low production rate and ano&er 
one a high one we must have reliable means of comparison. 
With this idea in mind the grinding wheel record card shown 
in the accompanying illustration was made. The wheel data is 
placed at the top of the card and the production of the wheel 
in the spaces below. The card is self-explanatory. 

The method of collecting the data is comparatively simple. 
The workman keeps track of the number of times he trues the 
wheel by marking the dressing on a slate hung near his wheel. 


GRINDING WHEEL RECORD 


Name of Wheel 


.__.Dia.__ . 

. Thkkneaa... 

... Grade. 

Grain 

Date OO.V 

Date off 

Dia. of wheel removed 



WHEEL PRODUCTION 



Ddi Hmm 

hamak 

EuiMd 

Drimd 

Date 

Ham 

AbmoC Tinei 
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The amount earned by a workman is obtained directly from 
his time card. In many shops the workers have a piece rate; 
in which case the earnings will be greater than the number of 
hours multiplied by the hourly rate. The piece work system, 
in this regard, provides a more accurate check on produc- 
tion thATi a day rate system. The men are not apt to kill time 
when engaged in piece work and the foreman keeps more ac- 
curate check on the time at the wheel generally. However, 
either system can be used in checking production, the varia- 
tion being confined to the accuraor of keeping time. 

Such records possess a three-fold purpose. From the pur- 
chasing standpoint they give an idea relative to the efficiency 
of different makes of wheels of the same grade and grain. Select- 
ing at random two different makes of wheds on which the 
production in pounds of castings were checked up carefully 
the following variation was noted. On one wheel, the amount 
of metal ground from the castings per pound of abrasive re- 
moved from the wheel was 28, while on another wheel of the 
same grade and grain, but of different make, only 23 pounds 
of metal was removed. The difference of five pounds of metal 
per pound of abrasive is a considerable one and wortk taking 
into consideration. The continued collection of the necessary 
data to check the wheels on the pound basis would require con- 
siderable clerical time. The wheels would necessarily be weighed 
when put on the arbor and when taken off and their diameter 
would be measured. The castings produced by the wheel per 
day must be weighed. The calculations must be made, lliis 
check is valuable once in a while, but the amount earned by the 
workman and the number of times the wheel is dressed will 
provide a reliable index. 

Another fact disclosed by the record is the relative efficiency 
of different grade and grain wheels for the work. Comparing 
different wheels, we find considerable variation in production. 
This may be due to the speed of the wheel, or it may be due 
to the class of work handled. A heavy casting will be harder 
on the wheel and thus cause increased wear over that of a 
casting. This is because the workman believes that he must 
bear harder with the heavy casting than with the light one. 
Mass has its effect on the workman’s Interest. A soft wheel 
operated at a high peripheral speed will act like a hard wheel 
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at a correspondingly lower speed. Conversely a hard wheel 
operated at a low speed will act like a soft wheel operated at a 
high speed. Arbor speed should be standardized in two stages, 
that is, the provision of a higher speed after the wheel has 
worn down somewhat. This keeps the wheel working at its 
highest efficiency. In some shops this condition is obtained 
by ftbang in g the wheel from one arbor to another while in 
others the step pulley is used. 

The record also discloses the relative ability of the workmen 
and the degree of supervision. Some workers will save their 
wheel at the expense of production while others will simply 
dress the wheel away. Wheel dressers should be kept out of 
the hands of the inexperienced man. He often will cut away 
three or four times the amount of abrasive actually necessary. 
The foreman should, for the first few days at least, do the 
dressing for a new man. The new employe should be instructed 
in the right and wrong way to true a wheel. He should be 
shown that the dull grains lay right on the surface of the wheel 
and that just under these are the sharp ones. He should be 
made to understand that the dressing of the wheel is what 
wears it away principally. 

The wheel may also be worn away rapidly due to the method 
adopted by the man in applying his work. If the wheel is worn 
in ridges, the high spots must be trimmed away. This necessi- 
tates the removal of abrasive that has done no work whatever. 
The workman should be taught to keep the face of his wheel as 
nearly square as possible. Maximum production per wheel 
will result. 

Cutoff Wheels 

These are elastic-bond wheels, very thin in proportion to 
their diameter. They are used for cutting off materials such 
as high-speed steel; fabricated metal sections, such as au- 
tomobile windshield frames, foundry cores, etc. Their 
value lies in the fact that they leave a dean kerf without 
raising heavy burrs. Again they can be used for cutting 
fragile materials that caimot be sapped firmly in fix- 

tures. SheUac, rubber and bakelite bonds are used in TTiftiring 
these wheels. Popular sizes are 10 to 12 inches diameter and 
H-inch thick. They should be operated at high speeds to show 
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efficiency. The rubber-bond wheel can be operated safely at a 
peripheral speed of 12,000 feet per minute. They generally 
are used on a pedestal-iype grinder fitted with a swinging rest 
for locating the work. 

Balancing Gbindino Wheels 

The importance of correctly balanced grinding wheels can- 
not be overestimated, for when a wheel is out of balance it 
causes vibration whi^ may cause it to fracture. Again, if a 
wheel on a precision grinding machine is out of balance, accurate 
work cannot be assured. Grinding wheels, above certain small 
diameters at least, are put in static balance at the plant of the 
grinding wheel manufacturer. 

Because a wheel is in balance when it leaves the grinding 
wheel factory, it is no sign that it will remain so as it wears 
away. There are several methods followed in balancing grind- 
ing wheels. One is to diip away material from one side near 
the periphery, the heavy side, of course, being chipped. This 
is not always a satisfactory method as an inexperienced Tnan 
may break the wheel. Another method is to use the so-called 
balancing flanges which are flanges provided with heavy sides. 
They are turned until the heavy side compensates for the light 
side of the grinding wheel. 

Wheels for precision grinding machines are balanced in 
several ways. Landis grinding machines have wheel holders 
fitted with balancing blocks which are weights fastened in an 
annular groove. Thus by changing the relative position of the 
weights, the wheel can be brought in balance. In many cases 
lead is staked in between the holder and the countersunk shoulder 
to compensate for the heavy side. Grinding wheels always are 
balanced statically. Why comparatively wide wheels are not 
balanced dynamically is hard to state. Possibly machines that 
can be adapted for this use may be developed as the art of grind- 
ing progresses. 


Bushing Chuck 

A device for locating a grinding wheel while the lead bush- 
ing is being poured in place. Bushing chucks are of various 
types, but they all embody means for locating the wheel centrally 


291 




THE ABRASIVE HANDBOOK 


while a number of arbora of different sizes are provided for 
casting bushings with various size holes. Bushing chucks form 
part of the equipment of the grinding wheel factory, while 
also they are found in agencies where large numbers or wheels 
are handled, in which case it often is necessary to change the 
size of the hole to suit the needs of customers. Where a very 
large number of wheels are consumed, it might prove economic^ 
for the user to buy wheels without lead bushings, bushing them 
to suit local requirements. Thus where grinding wheel stands 
with varying size arbors are installed one size of wheel might 
be made to fit one of several machines. The same result, how- 
ever, can be attained by buying wheels with holes to fit the 
largest size of spindle and bushing the wheels with wood bush- 
ings (which can be had from any grinding wheel manufac- 
turer) to fit the smaller spindles. 

Economy of Lasge Wheels 

In the selection of grinding machinery it is practicable 
to purchase machines that wiU accommodate large wheels. 
This pertains to machines for off-hand grinding for in con- 
sidering precision operations, the size of the work determines 
the machine size, which in turn influences the diameter and 
width of the whe^ 

With machines for off-hand grinding, however, such opera- 
tions as snagging castings and forgings, economy is shown by 
using large wheels. A large wheel has more abrasive cutting 
points on its periphery than a small one; thus it will operate 
for a longer time without requiring dressing. Again, the price 
of gri ndin g wheels per pound, or per cubic inch, decreases 
with the larger sizes. This can be proven readily by referring 
to a^ standard grinding wheel price list as furnished in 
grinding wheel catalogs. All ihat is necessary is to compute 
the cubical contents in cubic inches of wheels, say 10 x 2 inches 
14 X 2 inches, 16 x 2 inches, 18 x 8 inches, 24 x 4 inches, 80 x 4 
inches and it will be found that the larger wheels are the 
cheapest 

Further, the use of comparatively large wheels does not 
result in an undue accumulation of wheel stubs which have 
little value. The less the number of wheels used, the smaller 
the stub pile per annum. The production engineer and the 
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purchasing agent will do well to investigate this subject thor- 
oughly. In many cases, where a large number of wheels are 
used annually for rough grinding, it will pay to discard grind- 
ers capable of accommodating wheels say 14, 16 or 18 inches 
in diameter and installing heavy-duiy grinders that will carry 
24, 80 or 86-inch wheels. 

Filled Wheels 

In a fiUed wheel, the spaces between the abrasive grains 
are filled with a material such as oil, wax or resin. Sudi wheels 
are especially adapted for grinding materials that have a tend- 
ency to load the wheel. In this category are aluminum, ooi>- 
per, brass, etc. Many years ago it was common practice to 
place a wheel to be used for aluminum grinding in a tub of 
oil where it remained overnight. The next morning the wheel 
was mounted and as soon as the superfluous oil had been thrown 
off by centrifugal action, the wheel was ready for use. This 
method, while it brought about the desired end, was costly and 
untidy. Experimentation led grinding wheel manufacturers to 
adopt various fillers as previously mentioned. 

Gbinding Wheel Industry 

The following data on the sndnding wheel industry were 
prepared by the late Henry Richardson and delivered at a 
meeting of the Grinding Wheel Manufacturers’ Association of 
the United States and Canada. Mr. Richardson pointed out 
that he did not intend to go into deep details, but that his 
purpose was to sketch the origin and growth of the various 
abrasive processes. 

Grinding wheels are made by four principal processes 
called the dastic, silicate, and rubber or vulcanite. There 
have been other processes employed since the begiiming Of 
the manufacture of solid wheels, but none of them are now 
employed to any great extent. Some time prior to 1867, the 
New York Belting & Packing Go. made the first solid grinding 
wheel, employing in its manufacture the vulcanizing rubber 
bond. At the start these wheels were sold without being trued 
or fitted in any way, the consumer bushing the hole to reduce 
its size, or enlarging the hole with a red-hot iron. This process, 
now greatly refined to be sure, is at present in use by a few 
grinding wheel manufacturers. 
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Frobabb^ the first departure from the rubber wheel was 
the Northampton Emery T^eel Co.’s product, in which a binder 
of glue and cement was used as early as 1867. These wheels 
were made without heat, and required a long drying time in 
their manufacture. Moreover, thick wheels had to be built 
up by rubbing and gluing together thinner wheels. Neces- 
sarily the process was a long one, and with the idea of a 
reduction of the time, a binder of oil and japan was perfected 
shortly after which was used by the Northampton company 
up to the time of its disorganization in 1910, when trouble with 
the quality of raw materials available caused it to discontinue 
operations. 

The first traveling salesman for the Northampton company 
was Harland P. Hyde, later connected with the Waltham Emery 
Wheel Co. as my partner, and it is interesting to recall that 
he carried a sample line of wheels of different sizes and grain 
with bushings to adapt them to the arbors on which he hoped 
to place the wheels. It is perhaps a long step from Mr. Hyde’s 
methods to the salesman’s methods of today, but it is to such 
men as he that the present size of the grinding wheel industry 
can be attributed. General Otis will be recalled as the treasurer 
and general manager of the Northampton company at its incep- 
tion and until his death in 1894. 

About 1872, in Detroit, MicL, there was an ex-captain 
of sharpshooters of the famous Bergan regiment, a Yankee 
from WaUingford, Vt., Gilbert Hart by name. He was employed 
by a manufacturer of artificial stone window sills, who used 
a bond composed of silicate of soda and an earth clay, which 
when mixed with lake sand, dried, baked and chemically treated 
with a bath known as ’’bittern water” resulted in a close approx- 
imation of natural sandstone. Mr. Hart was blessed with the 
idea that this process could be used to make a solid emery 
wheel. Luckily the plant across the street from the stone com- 
pany’s shop was a safe plant (no pun intended) and it was 
here that Mr. Hart’s first wheel, not trued or tested, was tried 
out. The report, to quote literally was as follows: “On the 
opposite end of the grinder was a Northampton wheel — and 
although the silicate wheel was only an experiment, strange to 
say it compared very favorably with the Northampton product, 
and remained on the grinder until worn out.” This report 
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was somewhat different from the one that a salesman received 
when he called to see how a lot of silicate wheels that he 
had previously sold were working out. He was told that they 
were working fine, the men were using tiiem in place of soap 
for washing their hands. 

The first regular sale of wheels was made to the Detroit 
Stove Works, and consisted of a dozen wheels, 12 x 2, at $14.06 
each, net, a price comparing approximately with 16 per cent 
discount from the present price list. In 1878, one of Mr. 
Hart’s wheels burst in the grinding room of a brass foundry 
in Detroit and killed the son of the proprietor, one of Mr. 
Hart’s most intimate friends. This accident led to the first 
step along safely lines as applied to grinding wheels, and on 
March 26, 1878, Mr. Hart was granted a patent on a wire web 
inserted in wheels to give them added strength. It is recorded 
that Mr. Hart’s discovery of the idea of the wire web saved 
a valuable man for the grinding wheel industry, for without 
some such device he would undoubtedly have given up the man- 
ufacture of a product, as he puts it, so dangerous to human life. 

Vitrified wheels were without doubt first made by the 
Vitrified Wheel Co. in 1872 on two patents issued in 1864 
and 1866, although the Vitrified company catalog makes the 
mod^t claim that it is one of the oldest concerns in the coun- 
try making wheels by the vitrifsring process. As a matter of 
fact, it still has one employe who has been connected with the 
concern since 1873. Further patents or cop 3 rrights were granted 
the Vitrified company in 1875 and 1877. In 1879 this con- 
cern was reorganized and moved to Westfield, Mass., where it 
has continued business to date, using the vitrified process exclu- 
sively up to 1893, when the silicate and japan processes were 
added, the latter being discontinued in 1906. In 1906 an entire 
new plant was built with subsequent additions until it reached 
its present size. 

Although the Norton Go. was not incorporated until June 
2, 1886, the business really received its start as early as 1873, 
or shortiy afterward, when in a little pottery factory in Massa- 
chusetts, owned by F. B. Norton, a solid emery wheel, the bond 
of which was clay, was made in a pottery kiln. This company 
has forged ahead in the industry through the efforts of its 
originators and today it is the largest grinding wheel concern 
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in the world. The Norton Co.’s most original contributions 
to the grinding wheel industry have been along tiie lines of 
abrasives which will be touched upon later. 

The elastic process, or as it was originally known, the 
Richardson elastic process, was originated by mysdf, then in the 
employ of the American Watdi Tool Co., in an effort to pro- 
duce an article specially adapted to the finer dasses of work, 
principally in watch tool making. The first wheel was made 
on the top of my mother’s kitchen range, and the process con- 
sisted of spreading out the mixture of shellac and emery on 
the hot stove and then roughly forming the cooled wheel into 
an approximately round shape by means of a pair of pliers. 
There were gradual steps to the present product concerning 
which I will not go into detail. 

Surely as important as the origin of the various processes 
which we employ, has been the development of abrasive graim 
the meat of the nut in the grinding wheel industry. Many 
remember the old days of Turkish emery, Georgia and North 
Carolina corundum, Canada corundum, Naxos emery, etc. in 
turn, but it was not until about 1901 that the natural aluminous 
abrasives were supplemented by an electric furnace product 
originally made under patents controlled by the Norton Co. 
and called alundum. It is aluminum oxide in crystal form and 
results from an electric furnace treatment principally of bauxite. 
It is pre-eminently an abrasive for materials of high tensile 
strength and its manufacture now by the Norton Co. as alundum 
and by a number of other concerns under other names has 
assumed large proportions. Virtually these abrasives are im- 
provements on nature. 

Unlike such materials and having no counterpart in nature 
is carborundum, a chemical compound, silicon carbide, another 
electric furnace product with raw materials of pure silica 
sand and high-grade coke with small quantities of sawdust and 
salt to facilitate the reactions. This material was first created 
by Edward 6. Adieson in 1891 when he discovered a few 
Bright blue crystals surrounding the carbon electrode in an 
iron bowl in which he had fused by means of an electric cur- 
rent a mixture containing carbon and silicon. The first opera- 
tions of the Carborundum Co. were at Monongahela City, Pa., 
in October, 1891. In 1898, small dentist’s wheels were first 
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made and these met with sudi success that tiie field of appli- 
cations was extended and in 1896, its present plant at Niagara 
Falls was started. Carborundum is pre-eminently a cast iron 
tool, but it is most efficient on materfids of low tensile strength. 

There have been but few startling new things in the grind- 
ing wheel industry in the past fifteen years. New concerns 
have started up, some short lived, others flourishing, but no 
new abrasives, no new processes, nothing but perfection of the 
things at hand has been done. True, we have made rapid 
progress along the lines of standardization and safeguarding 
appliances, and probably our most recent accomplishment is 
our present organization through which we have come to the 
adoption of a standard price list, a standard code of grinding 
wheel safety, standard shapes for abrasive wheels, uniform 
cost accounting methods and, above all, a realization that we all 
are here for the common good cause of building up an industry 
upon which today depends in part the safety and even the 
existence of these United States of ours. 

Grinding Wheel Manufacture 

Grinding wheels are manufactured by four principal 
processes, namdy the vitrified, silicate, shellac and rubber. Each 
type of bond possesses advantages for certain kinds of work 
and for the sake of convenience each method will be treated 
separately. The bonding ingredients in the vitrified wheel is 
a high grade of kaolin or potter’s day. The initial step con- 
sists of mixing the desired amount of bond and abrasive noate- 
rial. Two processes are followed, the puddling or wet method 
and the pressing or dry method. In rare instances wheels for 
specific purposes are put through both processes. 

In making wheels by the pressed process the first step is 
to measure out the correct proportions of grain and bond to 
form a spedfic grade in the finished wheels. The ingredients 
then are tumbled in a barrd for several hours, a little water 
being added to the mix, just enough to cause the bond to sur- 
round each grain. Next this material is pressed in molds 
under immense hydraulic presses. The operator measures out 
a definite amount of material by weight. This is put in a 
cast iron mold and a cover put over it. The mold then is placed 
under the press ram. Over 5000 pounds pressure to the square 
inch is used in making some types of wheels. 
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The first step in working by the puddled process is to mix 
predetermined proportions of bonding material and grain with 
water in mechanical agitators. After the mixture has been 
puddled for a few hours it is drawn off into molds, somewhat 
larger than the desired size of the wheels. The molds are 
quite simple, generally being sheet metal lined with paper. The 
material must be dried thoroughly, and in the case of large 
wheels several days are required. 

The next step in the manufacture of both pressed and pud- 
dled wheels is to shave them to size. This is accomplished by 
placing the material on a machine resembling a potter’s lathe. 
The table carrying the wheel revolves while the cutting tool is 
held in a head which is provided with the vertical and hori- 
zontal movement. Thus the green wheel can be cut to the 
shape and dimensions desired. Special shapes, sudi as cylin- 
ders, cups recessed wheels, etc., require careful treatment as 
the workman must keep within certain limit specifications. 

After shaving, the wheels are ready for the vitrifying 
process which is accomplished in kilns resembling potter’s TdluH. 
The wheels are loaded in fire day containers called eagers, 
the sagers in turn being packed dosely in the kilns. Consider- 
able skill is necessary in distributing the sagers so that each 
will be subjected to the desired degree of heat. When the kiln 
is full the door is put in place and luted with fire day. Then 
the fires are built and the kiln brought up to the desired heat, 
kept there for a definite period and allowed to cool gradually. 
Skill is required in this operation. If the kiln is kept too hot 
the wheels will be overbumed which destroys the bond. Too 
low a heat results in under vitrified wheels. If the kiln is 
brought up to heat too rapidly the wheds will be cracked. 
Skill and experience are the only guide. 

Kiln heats usually are tested with pyrometric cones which 
are inserted in test holes provided for the purpose. Of late 
years, however, the use of pryometers for checking kiln heats is 
becoming common. After the kiln has cooled off for several 
days the door is removed and the wheels unloaded and 
to the sorting fioor where they are arranged as to size grit 
and grade, etc. Also they are inspected for soundness by tap- 
ping them with a light hammer. Grits and grades are identified 
by markings made on the wheels while in the green state. 
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In the silicate process the bonding material is silicate of 
soda which is mixed with the grain and other ingredients in 
mechanical mixers. The material then is tamped in molds, 
usually by hand. This operation requires skill for an improp- 
erly tamped wheel is of little value. Mechanical means have 
been devised for tamping wheels, but many manufacturers claim 
that this method is not as productive of satisfactory results as 
the hand process. After tamping the wheels are baked for a 
period sufficient to set the bond. This operation is performed 
at a comparatively low heat, is a coal, gas or oil-fired fur- 
nace. Sometimes dectrically heated furnaces are used. 

The next step in manufacture of both vitrified and silicate 
wheels consists of facing the sides on wheel lathes. This is 
accomplished with conical cutters or star-wheel dressers. Next 
the wheel faces are trued. Then the lead bushings are poured 
in place, the wheel being located in a bushing chuck for this 
purpose. A speed test follows wherein the wheel is brought 
up to a speed sufficient to subject it to a greater stress than 
'uill be encountered on operation. This is performed in a 
department provided for the purpose. Heavy oak boxes sur- 
round the wheels to prevent fragments fiying if a wheel should 
burst while the speed is registered by tacometers. Balancing 
follows. This is performed on balancing ways. Each wheel 
must be in balance within predetermined limits. Otherwise 
it is rejected. Subsequent operations consist of testing for 
grade with a hand testing tool generally, although a few ma- 
chines have been devised for the purpose. The hand tool resem- 
bles a screwdriver. The tester digs into the wheel with a twist- 
ing movement of his wrist. He becomes expert at this opera- 
tion and he can readily detect off grades. Next the wheels are 
given a general inspection and after pasting the labels and 
tags in place they are ready for shipment. 


In the manufacture of shellac wheels, ground shellac is 
first baked and then reground. This material is mixed in 
carefully predetermined proportions with the grain and other 
ingredients which are pressed in heated molds. A further bak- 
ing follows. This process is quite simple, although a number 
of technicalities are involved which must be observed closely to 
make an acceptable product. 

The initial step in the manufacture of rubber-bond wheels 
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is to prepare the raw rubber, wbidi is received in sheets about 
^.indi thick. This material is put throuffh smooth-face, cast- 
iron rolls about 18 inches in diameter arranged so that one 
roll travds faster than the other. Several sheets of raw rubber 
are fed into the mill at one time and permitted to adhere to the 
lower roll so that Idle separate sheets are formed into one mass. 
The rolls are hollow. At the beginning of the operation steam 
is fed to them to heat the rubber and afterward water to main- 
tain the correct temperature. After the rubber has been rolled 
for about 30 minutes, it is cut and removed. 

In the next operation the rubber is compounded; that is, 
the necessary ingredients to aid in vulcanizing are added. This 
is accomplished by feeding the rubber and the vulcanizing agents, 
the chief of which is sulphur between rolls. This operation 
does not differ materially from the former one of preparing 
. the raw rubber. In the next operation the desired amount of 
abrasive grain is added and rolled into the rubber. The stock 
tiien is passed between calender rolls after which disks to form 
the desired diameters of wheels are cut out in a press. 

Thin wheels are made directly from the sheet material but 
in making thick wheels a number of sheets are placed together 
between dies and squeezed together. The wheels now are ready 
to be vulcanized which is accomplished in steam heated cylin- 
drical containers. Careful tests of each batch of wheels are 
made by making test blocks from each batch. These are tested 
for tensile strength. Remaining processes consist of pouring 
lead bushings in the wheels and truing them. Truing is accom- 
plished with diamonds on special truing lathes. 


Gbindino Wheel Standards 


Grinding wheel standards as given here are the result of 
five years of effort on the part of the Grinding Wheel Manu- 
facturers’ Association of the United States and Canada. Below 
is a summary of what standardization has accomplished: 


Nximber of 


Type of ezlstjag Possible Reduced 

wheel shapes stock to 

Internal 289 578,000 96 

Cylinder ..... — 46 90,000 26 

Straight cups ...... 11 4,400 6 

Flaring cups 27 10,800 8 

Dish wheels 88 80,400 9 

Donble cups .......... 4 1.600 1 


Total possible stock reduction by rfmpliOcation 


Possible 
Reduced stock 

stock saving 

190,000 888,000 

62,000 88,000 

2,000 2,400 

8.200 IVOO 

7.200 28,200 

400 1,200 

459,400 wheels. 
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In the work of compiling the standards, thousands of wheel 
shapes were studied with the object of eliminating those for 
which there was little demand. .The committee responsible for 
the standardizations was composed of George W. Chormann, 
chairman, the Carborundum Co.; W. L. Moore, the Norton Co., 
and L. Leslie Byers, the Abrasive Co. 

In the interest of standarlzation and to enable the user to 
visualize at once the wide range of types of grinding wheels, 
there are shown on the following pages cross sections of the 
14 standard types whidi are representative of practically all 
grinding wheels used on the standard makes of grinding 
machines. These types of wheels are numbered from 1 to 14 
and each dimension designated by letter. The key to the dimen- 
sion letters is shown below with the illustrations of the 14 
standard types. This classification of grinding wheels greatly 
simplifies the stocking of wheels wherever a quantity is kept 
on hand. It also enables the user accurately to order a grind- 
ing wheel by giving the type number and &e complete dimen- 
sions necessary to construct such a wheel, as designated by the 
cross section of that type. 

key to liETTEB ODIENSIONS 

A = Flat Spot of Bevelled WalL 

C = Height of DovetalL 

D = Diameter (Over All). 

E = Center or Back Thickness. 

F = Depth of Recess. (See Type 5). 

G = Depth of Recess. (See Types 6 and 7). 

H = Arbor Hole. 

J = Diameter of Flat or Small Diameter. 

K = Diameter of Flat Inside. 

M = Large Diameter of BeveL 

N = Small Diameter of Bevel. 

P = Diameter of Recess. 

R = Radius. 

T = Thickness (Over All). 

U = Width of Face. 

V = Angle of Bevel. 

W = Thickness of WalL 

In the following pages are shown specificatlonB of various 
standard grinding wheels. 
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Miniuum Sizis of Machine Spindles 

The foUowiiif table gives standard spindle sizes for various 
diameters and widths of wheels. These data are important 
and no use of wheels should operate on any m ac hin e of given 
spindle diameter a wheel of larger diameter or greater thick* 
ness than herein specified. 


Diameter 

Inches 
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9 

10 

12 
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16 
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(HONDING WHEEL MANXJFACTUBEBS’ TRADE NAMES 

The names by which grinding wheels are designated are 
practically all coined words derived from carbide of silicon 
and aluminum oxide. Thus they are difficult to remember in 
many instances. These trade names must not be confused with 
abrasive designations which are carbide of silicon and aluminum 
Oxide. The latter often is called manufactured alumina and 
sometimes, but erroneously, synthetic or artificial corundum. 
Following are the various grinding wheel trade names arranged 
in alphabetical order giving the material from which the wheel 


is made and the maker’s name: 

A — Abrasive 
Aluznlxmm Oxide 
Bay State Abrasive Products Co., 
westboro, Mass. 

Alobrant 
Aluminum Oxide 
Brantford Grindine Wheel Co. 
Inc., Brantford, Ont. 

Alowalt 

Aluminum Oxide 
Waltham Grinding Wheel Co. 
Waltham, Mass. 

Alozite 

Aluminum Oxide 
Carborundum Co. 

Niagara FaUs, N. Y. 

Alulion 

Aluminum Oxide 
Lion Grinding Wheels, Ltd. 
Brockville, Ont. 

Aluminite 
Aluminum Oxide 
Macklin Co. 

Jackson, Mich. 

Aluminoid 
Aluminum Oxide 
General Grinding Wheel Corp. 
Philadelphia 

Aluminox 
Aluminum Oxide 
American Emery Wheel Works 
Providence, R. I. 

Alundum 
Aluminum Oxide 
Norton Go. 

Worcester, Mass. 

Bathite 

Aluminum Oxide 
White Heat Products Co. 

West Chester, Pa. 


Borite 

Aluminum Oxide 
Vitrified Wheel Co., 

Westfield, Mass. 

Boro Carbone 
Aluminum Oxide 
Manhattan Rubber Mfg. Co. 
Passaic, N. J. 

Borolon 

Aluminum Oxide 
Abrasive Co. 

Philadelphia 

C — ^Abrasive 
Silicon Carbide 

Bay State Abrasive Products Co. 
Westboro, Mass. 

Calcinite 
Silicon Carbide 

Pittsburgh Grinding Wheel Co. 
Rochester, Pa. 

Carbo Alumina 
Aluminum Oxide 
Bridgeport Safety Emery Wheel 
Go., Bridgeport, Conn. 

Carbobrant 
Silicon Carbide 

Brantford Grinding Wheel Co., 
Ltd., Brantford, Ont. 

SUlcon Carbide 
Snppior Grinding Wheel Co. 
Waltham, Maas. 

CarboUon 
Silicon Carbide 
Lion Grinding Wheels, Ltd. 
Brockville, Ont. 
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Garbed 
Silieon Carbide 

American Emery Wheel Works 
ProTidence, B. L 


Carbon 
All Wheela 
Springfield life* Co. 
Bridgeport, OomL 


Carboloz 
Silicon Carbide 

Dominion Abrasive Wheel Go. 
Mimico, Ont 

Carbonoid 
Silicon Carbide 

General Grinding Wheel Corp. 
Philadelphia 

Carbora 
Smeon Carbide 

Cortland Grinding Wheel Corp. 
Chester, Mass. 


Carborite 
Silicon Carbide 
Vitrified Wheel Co. 
Westfield, Maas. 


Carbonmdum 
Silicon Carbide 
Carborondmn Co. 

Niagara Falls, N. Y. 

Carbowalt 
Silicon Carbide 

Waltham Grinding Wheel Co. 
Waltham, Mass. 


Gevite 

AhiTwiTinm Oxide 
Gevelsnd Abrasive Wheel Co. 
Clevdand 

ClevonindTim 
Silicon Carbide 

Geveland Abrasive Wheel Co. 
Qeveland 

Coiex 

Silicon Carbide 

Safety Grinding Wheel ft Ma« 
diine Co. 

Springfi^, 0. 

Cresolite 
Silicon Carbide 

Canadian-Hart Products, Ltd. 
Hamilton, Ont 

Crystolite 
Silicon Carbide 
Macklin Co. 

Jackson, Mich. 


Omtolon 
Silicon Carbide 
Norton Go. 

Worcester, Mass. 

Dayton Alumina Oxide 
Alnminnm Oxide 
A. A. Simonds Dayton Co. 
Dayton, 0. 

Dayton Silicon Carbide 
Silieon Carbide 
A. A. Simonds Dayton Co. 
Dayton, 0. 


Electroion 
Silicon Carbide 
Abrasive Co, 

Philadelphia 

Exeelite 

Aluminum Oxide 
Dominion Abrasive Wheel Co. 
Mimico, Ont. 


Hytens 

Aluminum Oxide 
Precision Grinding Wheel Co. Inc. 
Philadelphia 

Lotens 

Silicon Carbide 

Precision Grinding Wheel Co. Inc. 
Philadelphia 


Natalite 

Aluminum Oxide 
National Grinding Wheel Co. Inc. 
Buffalo 


Natalon 
Silicon Carbide 

National Grinding Wheel Co. Inc. 
Buffalo 

Natrundum 
Silicon Carbide 

National Grinding Wheel Co. Inc. 
Buffalo 

Natnmite 
Aluminum Oxide 
National Grinding Wheel Co. Inc. 
^xffalo 

Orelite 

Aluminum Oxide 
Pittsburgh Gilding Wheel Co. 
Boehester, Pa. 

Oxaluma 

Aluminum Oxide 
Cortland Grinding Wheel Corp. 
Chester, Mass. 
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Oxfljm 

Alnminuiii Oxide 
Hampden Corundum Wheel Co. 
Springfield, Maee. 

All Wheels 

A. P. de Sanno ft Son, 
Philadelphia 

Bex 

Aluminum Oxide 
Safety Grinding Wheel ft Ma- 
chine Co. 

Springfield, 0. 

Bexite 

Aluminum Oxide 
Canadian Hart Products Co. 
Hamilton, Ont. 

Silexon 

Aluminum Oxide 
Bridgeport Safety Emery Wheel 
Co., Bridgeport, Conn. 


Staralon 
Silieon Carbide 

Detroit Star Grinding Wheel Co. 
Detroit 
Staralox 

Aluminum Oxide 
Detroit Star Grinding Wheel Co. 
Detroit 
Sterbon 
Silicon Carbide 
Sterling Grinding Wheel Co. 
Tiffin, 0. 

Sterlith 

Aluminum Oxide 
Sterling Grinding Wheel Co. 
Tiffin, 0. 

Vulcanite 
All 'll^eds 

New Tork Belting ft Packing Co. 
New York 

X-l-ite 

Aluminum Oxide 
Suppior Grinding Wheel Co. 
Waltham, Mass. 


Gbits, Grades and Bonds 

The srrit, or grain as it is sometiines termed, of a grind- 
ing wheel refers to tiie sizes of the abrasive grains of which 
the wheel is composed. A straight grit is one wherein all the 
grit particles are of the same size. Thus a S6-grit wheel is 
made exclusively of No. 86 grain. A combination grit is one 
composed of several numbers, the numbers and proportions of 
the various grits having been determined by practical experi- 
mentation. The number refers to the size of the coarsest grain. 
Thus a 24 combination grit has No. 24 grain as its base with 
the addition of several other numbers. Grinding wheel manu- 
facturers prefer to keep their grit combinations secret A 
mixed grit is one composed of two or more kinds of abrasives. 
A wheel might be made of aluminum oxide backed up with 
emery. Such a wheel is a mixed grit As a matter of fact 
such wheels are especially valuable for hard, rough usage such 
as grinding steel castings. 

Grade refers to the relative hardness of a grinding wheel. 
A wheel is in M grade for example, when it is as hard, or offers 
the same resistance to a grading tool as an M-grade master 
block. Wheel grades generally are designated by letters of 
the alphabet. The majority of wheel manufacturers today use 
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the universal grade scale but a few prominent makers employ 
arbitrary lists. These various grades accurately compared are 
given bdow. 


UniTcnal. . . . 
Carboinndnm, 

Dayton 

Dominion. . . . 

National 

Safety 

Springfield. . . 


UniTenal P 

Carbornndum. . H 

Dayton N 

Dominion 6H 

National O 

Safety P5d 

Springfield 2 


£ 

F 

G 

H 

U 

S 

R 

P 

C 

D 

E 

F 

2 

2N 

3 

33^ 



H 

I 

A 

A34 

AJ4 

AK 

14 

13 

12 

11 


Q 


R 

H+ 

G 

G+ 

F 


0 


P 


7 




P 


Q 


I 


IH 


IH 


1 


I 

J 


K 

0 

N 


M 

G 

H 


I 

3« 

4 


4M 

J 

E 


L 

M 



MH 

10 

9H 

8H 

7J4 

s 

T 

u 

V 

E 

E+ 

D 


Q 

R 

S 

T 

7H 

754 

8 

854 

R 

S 



LH 

154 

0 

Ok 


L 

M 

M 

0 

L 

K 

J 

I 

J 

K 

L 

M 

5 

Sk 

5k 

6k 

Lk 

L54 

M 

N 

M54 

P 

Pk 

Pk 

6 

5 

4 

3 

W 

X 

Y 

Z 

U 

V 

W 

Z 

Ok 

Ok 

N 

Nk 


As the foregoing comparison shows, the majority of grind- 
ing wheel manufacturers use the letters of the alphabet arranged 
in sequence, £ being a hard and Z a soft. Hard wheels in 
general, however, seldom go beyond the G grade. Other makers 
including Dayton, National, and Safety use the letters of the al- 
phabet in arbitrary arrangements. The National and Safety scales 
employ both letters and figures, while the Dominion and Spring- 
field scales employ figures exclusively. The Carborundum grade 
scale, while utilizing the letters of ihe alphabet, is arraixged the 
reverse of other gradings, as U represents a soft and D a hard 
wheel. This is an individual system devised by the Carborun- 
dum Co. 

Grinding wheel manufacturers who use the letters of the 
alphabet in regular order as a grade scale designate the letter 
M as indicating the medium grade. This has led to some confu- 
sion, for in some technical books where a comparison is made 
between the Carborundum and Norton gradings, the M grades 
are coincided. This is incorrect as the Carborundum Co.'s M 
grade is equal in hardness to the Norton Co.’s K grade, which 
brings the L grades of both scales together. While both the 
Carborundum and Norton Co. designate M as a medium grade, 
their M grades are not alike. 

In actual grinding wheel manufacturing practice, gradings 
can be made with a high degree of accuracy. For example, let 
it be assumed that several grinding wheel manufacturers each 
agreed to make a 8 x 24-inch wheel for grinding drop forgings. 
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using 20 grit, Q grade and let it be assumed further that 
all employed the same abrasive, that is aluminum oxide 
the same source or corundum of one lot from a given i 
In this case it is probable that the several wheels would b», 
nearly alike in grade that it would require the services of an 
expert to determine any actual difference. 

Bond refers to the nature of the binder that holds the wheel 
together. The various bonds in common use are the vitrified, 
silicate shellac, bakelite and rubber. Probably 90 per cent of 
all grinding whedls are made in the vitrified bond. Such wheels 
are used for both rough and precision grinding operations. The 
basis of the vitrified bond is day, vitrification taking place in 
a kiln. The silicate bond is used for making wheels for cutlery 
grinding, knife grinding, tool grinding and for bonding ring 
wheels as used on vertical-spindle surface grinding madunes. 
This is a compact bond and weU suited to the foregoing opera- 
tions. SiUcate wheds can be furnished in a much shorter 
time than can vitrified ones and for this reason silicate wheds 
were used extensively during the World war. The basis of this 
bond is silicate of soda. 

Shellac and bakelite wheels impart a very high finish. The 
basis of the shellac bond is ordinary shellac and that of bakelite 
is a condensation product of phenol and formaldehyde. Sudi 
wheels are used for roll grinding, certain cutter sharpening opera- 
tions and also for making thin, ddicate wheds for various opera- 
tions. 

Rubber wheels are very durable. The bond is rubber which 
in the crude state is mixed with the abrasive material. Vulcan- 
ization completes the process. This is the oldest whed bond 
known. Rubber wheds are used extensively for rough work 
such as grinding heavy steel and malleable iron castings and 
also for making thin wheels for various purposes. 

Glazed and Loaded Wheels 

The terms glazed and loaded, as applied to grinding wheels, 
are often used indiscriminately, but in realily a difference exists 
between these conditions. When a wheel is glazed, the cutting 
edges of its exposed abrasive grains are worn off fiat so that 
such a whed has but little abrasive action. On the other hand, 
when a wheel is loaded the spaces between the grades are filled 
with metal partides. This condition frequently exists when 
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grinding soft materials such as copper or aluminum. The 
remedy in both cases is to true or dress the wheel. Glazing 
is caused by using a wheel in too hard a grade for the work 
at hand, using it for too long a period without truing, or oper- 
ating it at too great a speed. Loading can be overcome by 
using filled wheds which are supplied for grinding materials 
that have a tendenor to load the wheel. 


HOBSEPOWEB RBQUIBBD TO OPEBATE GBIMDINO WHEELS 


While the types of motors used to operate grinding wheels 
can be overloaded heavily, the following data will be found 
satisfactory under general conditions: 

Ordinary wheels as used for snagging castings and forg- 
ings, tool grinding, general grinding, ’precision grinding, etc. 


'Wheel diameter, 
inches 
6 
8 
12 
14 
16 
18 
20 
24 
80 


Horsepower 

to 

% 

8% 

6 

6 ^ 

8 % 

10 

16 




The following data pertains to wheels used on various stand- 
ard type machines: 


u,. 


BLANGHABD SUBFACE GRINDERS 
'Whed diameter, 

inches Horsepower 

10 10 

18 26 

27 60 


DIAMOND MACHINE CO. SIDE SURFACER 
Whed diameter, 

inches Horsepower 

SO 80 


PRATT & WHITNEY 'VERTICAL SURFACE GRINDERS 
Diameter of wheel, 

inches Horsepower 

8 7 % 

16 16 to 26 

22 80 


The power required to operate grinding wheels under the 
foregoing conditions will be at least 80 per cent less than the 
rating when individual drives are considered for provision is 
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made for a heavy overlpad. When several machines are to he 
driven by one motor through a line shaft, it is safe to deduct 
from 80 to 50 per cent from the foregoing figures. 

Master Blocks 

Master blocks are standards used by grinding wheel manu- 
facturers to fix wheel grades within arbitrary limits. These 
blocks are made carefully from predetermined mixtures of bond 
and abrasive. They are not used in every day practice in 
checking wheel grades; rather they are employed as a court of 
last appeal in determining doubtful grades. Ihe master blocks 
of one grinding wheel manufacturer may not compare with 
those of another, grade for grade. This is because each manu- 
facturer has his own idea of what degree of hardness consti- 
tutes a certain grade. In making up master blodcs, a large 
number are put through the process and those selected as final 
which come as close as possible to a given standard, say a 
wheel made by another grinding wheel manufacturer. 

Pot Balls 

Pot balls are special wheels used for finishing hollow ware, 
a favorite shape being i^own in the accompanying illustration. 



This is called a round-shape pot ball to distinguish it from 
another type with a flat bottom. 

Dimension D generally is 5 inches. W is anywhere from 3 
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to 6 inches. H always is 1% inches with a %-inch pitdi right- 
hand thread. Pot balls generally are carbide of silicon, as hol- 
low ware to be finished by grinding is cast iron. Alumimun 
hollow ware is not ground, being finished generally by buflSng 
on set-up wheels. 

PYBOMSTBIC GONXiS 

These are devices used for controlling kiln heats in the 
vitrifying of grinding wheels and other ceramic objects. They 
are composed of days of various melting points which are 
known definitely. Three are mounted on one base. The first 
cone will become plastic and' topple over when the kiln is at its 
so-called red heat. The next one succumbs as the low melting 
point of the wheel bond, while the third cone droops when the 
kiln has reached a full heat of approximately 2600 degrees Fahr. 

Rebushing Gbinding Wheels 

Equipment in any manufacturing plant represents additions 
that have been made from time to time so that in the case 
of grinding stands it often is found that it is necessary to 
carry in stock wheels of like diameters, widths, grits and grades, 
but with varying size holes to fit different spindles. 

In instances of this kind it is a good plan to purchase the 
wheels with holes to fit the largest spindle. Then to fit the 
other spmdles the holes can be fitted 'with wood bushings which 
can be obtained from any grinding wheel manufacturer. 

The lead bushings can be sawed in two, knocked out and 
others fitted. However, this process involves the use of a 
special chuck for centering the wheel and a supply of arbors 
of different sizes. While these chucks are used frequently in 
grinding wheel agencies, it is doubtful if it would pay to install 
one in Ihe wheel consumer’s plant. 

Sagers 

Sagers are fire clay receptacles in which grinding wheels are 
placed for vitrifying in kilns. They usually are made up 
of % new material and }i old sagers which are crushed and 
ground. The sagers are not long lived although they will stand 
several kiln heats. It is customary to employ a number of pot- 
ters in the grinding wheel factory whose duty it is to keep up 
the supply of sagers. Small sagers are made solid. They are 
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circular with the wall at an angle of 90 degrees with the bot- 
tom. They average from 18 inches in diameter and down and 
about 6 inches deep. Large sagers are made in sections four 
quarters forming the bottom and a number of pieces the sides. 

Sectional Wheels 

Sectional wheels, sometimes called segmental wheels, are 
abrasive cylinders composed of sections that fit a special holder. 
The object is to provide a wheel with slight clearances between 
the sections to provide a path for the loose abrasive and metal 
as it is ground away. Another factor in favor of sectional wheels 



mPBOVXD OTUMDEB ’WHEHIL 


is that they eliminate the danger of breaking which always is 
a detrimental factor in handling these large cylinders. Further, 
by the use of sectional wheels, losses in ^e manufacturing 
process are avoided. 

The accompanying illustration is a wheel designed by the 
American Emery Wheel Works to Incorporate the chief advan- 
tages of sectional and solid wheels. The depressions on the 
inside of the rim are for chip clearance. 

Selecting Steels By the Spabh Method 

Various kinds of steels can be designated readily by testing 
them on a grinding wheel. John F. Keller furnished the fol- 
lowing data pertaining to this subject: 

Fig. 1. — A piece of wrought iron free from carbon. If held 
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against the grinding wheel tiie end of the bsr will be heated by 
friction; as the small partides are thrown from the whed they 
win follow a straight line which becomes broader and more 
luminous some distance from the source of heat, and Idien dis- 
appear as they started. This is probably due to the action of 
oi^gen of the air on the heated partides re(iuiring some time to 
act. Note— Touch material ligh^ on whed; observe individual 
spark. 

Fig. 2— Mild sted which contains a small percentage of 
carbon. The effect is at once noticeable by a division or forking 



SPABKS THROWN BY VABIOTTB SINSS OV BIEEL 


of the luminous streak; this is owing to the presence of carbon 
which is acted upon by the maximum heat of the iron spark, 
which then bums explosively, causing a break in the original 
heavy lines. 

Fig. 8 — ^The lower grades of tool sted which contain from 
0.60 to 1.00 per cent carbon. The iron lines becomes less and less 
conspicuous; the forking of the luminous streak occurring very 
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much more frequent, often subdividing; the lower the carbon tiie 
less sparks and further from the source of heat 

Fig. 4 — ^In the higher grades of carbon steels, the iron lines 
are practically eliminated, with an increase of the star-like explo- 
sions which often divide and subdivide, causing a beautiful 
display of figures. This is probably due to the iron and carbon 
becoming so united that they are most easily attacked by the 
oxygen. Hence the great danger of burning steel in the fire. It 
would be well to state that the higher the percentage of carbon 
the more profuse the explosion and the shorter the distance from 
their source of heat. 

Fig. 6. — Chromium and tungsten high speed steels are very 
easily determined by the spark test. The partides seem to fol- 
low a broken line with a very slight explosion; just before they 
disappear the color is of chrome yellow, and show no trace of a 
carbon spark. 

Fig. 6 — ^Manganese in tool steel above a certain per cent is 
an injurious element. The characteristic of the manganese spark 
is that it widely differs from the carbon spark in that it seems 
to shoot or explode at right angles from its line of force. Each 
dart is subdivided into a number of white globules. With a 
little practice, the trained eye will soon detect the slightest trace 
of manganese in the iron or steels. 

Fig. 7 — Mushett steel, the grade of air hardening or high 
speed sted. It is very easy to distinguish from other steels as the 
partides follow a broken line and are very, very dark red, ^th 
an occasional manganese spark. 

Fig. 8 — ^Represents the spark as thrown from a spedal sted 
manufactured and to be used espedally for magnets. It dearly 
demonstrates the advantage of this method of sdecting steels by 
comparison; in other words, mark your favorite brands or grades 
and compare them with others. By practidng this method, there 
will be fewer taps and reamers made out of machinery sted, 
with a corresponding decrease in the number of forgings made 
out of metals that are too high in carbon. 

Selection of Wheels 

The selection of grinding wheels is governed by a number 
of factors so that only general instructions can be given. Alu- 
mina abrasives, such as manufactured, or natural corundum 
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and emery are used for grinding steel and other high tensile 
strength materials, while carbide of silicon gives better results 
on cast iron and other low tensile strength materialB. Non- 
metallic substances such as wood, bone, pearl, fiber, leather, 
etc., are best ground with carbide of silicon. To some extent 
the finish desired determines the abrasive to employ, but to a 
slight extent only. Thus, while emery gives a finer finish than 
any other abrasive, it is not used for grinding wheel manu- 
facture to any great extent as it is slow cutting. Carbide 
of silicon imparts an excellent finish on steel, but alumina 
abrasives have taken its place on this work. Some years ago, 
however, before the perfection of manufactured alumina, carbide 
of silicon was employed largely for such steel grinding opera- 
tions as saw gumming, grinding automobile engine crank- 
shaft, etc. 

The following list gives wheel grading compiled by the 
Carborundum Co. The gradings are general in scope and are 
not final in every instance. Three gradings are given, coarse, 
medium and fine. 

Grits range from size 10, the coarsest generally used in the 
manufacture of grinding wheds, to size 220, the finest, as fol- 
lows: 10, 12, 14, 16, 20, 24, 80, 86, 40, 60, 60, 70, 80, 90, 100, 120, 
160, 180, 220. 

The size of the grit is determined by the number of meshes 
to the inch of the screen through which the grains pass in siev- 
ing, or grading. 

In powders carborundum and aloxite are graded in the fol- 
lowing F, FP, PPP, 280, 820, 400, 600, 600. The F, PP, PPF 
powders are graded commercially, the other powders under 
microscopic control. 

Combination grits are indicated by three numerals, the first 
two designating the grit size and third the combination number. 
For example, 246 grit means 24 grit with the number 6 com- 
bination. 

E is the hardest, and W, the softest grade. Hardness is 
controlled by the character and proportions of the bonding mate- 
rial used. Carbo. is carborundum; alox., aloxite; vit., vitrified; 
sil., silicate, shel., shellac. Redmanol is an elastic or bakelite 
bond. AA and LL refer to special abrasives. 
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Ouhr-of Work 


MkttjiM. 

IMoHal 


G*R/V 61 >I 6 S 


Atkto 

Soocklns 

iPliiildyliv 


Carbo. Tit 
Carbo. Tit 


6 « >^•04 , 120-^-04 


Alupdavu 

t^lyllndzlcal Carbd. Vlt 24 •M-OS 

6 iiafatila 4aUaiv) Carbo. Tit' + HD 

16 •1*06 

(puktr) Somite 6beL 20-2*88D 

Carbo, ShoL 1« -4-C4B 

th^fabllUr-'vertleal CatrbOo Tit 14 -H-DiL 

Carbb. 

Hedmaaol 


16 -M-06 
66 -J-G 6 


27-KrQ4 

406 -^i< 3 F 

C 0 '-K-a 4 


ChlUed.iron CarbO. Vlt 

Bte41 Of.*.. \Jojc, Tit. 

(Segment Wheela) .... HXtOL Tit 

Arinatam (Cyllndrioal) Mijol Tit 
Alea 

Edglna AloiL Tit 

SurHaoloa Aioz. mt 

Axles 

Automobile (eyllndrloal) AJlox. Tit 

Gar (railway) Alqx. Tit 

Houalnga (auto) 

Balls- 

Soft*-4irst roughing . . . /Uox. Tit 
8o{t-<--Beoond roughing. . iiox. Tit 

Softr-flnlsblng Aiox,,Tlt 

&)sr4r-««ougblng Alox. Tit 

fi!ajfd*^niehlng.^-4 Alox^Tlt 

Hhi4*-pollsblng Carba Tit 

A16x.m 


20 wH-B 6 
16 -G-se 
16B-N-27 

601-K-8O 


16 -F-86 
24 -H-8S 

SOl-J-Sl 

SOl-K-SO 

SOlrJt-Sl 


80 .6-C5B 
66 -T-D2D 

60 -18-C18B 


20 rB -88 

40ri^M-28 

20 -Gt84 
40H-H.88 


246-;r-81 

246-E-80 

246-K-80 


60 -a-D846 

401-K-80 

246-M-88 

401-H-26 


*Bardt— t»ollshlOg 

(smaU balls) 

Ban itaesi (Soft Steel) 
'Surfadng (vertloal) 
Hard Steel A Alloya: 
Cylin d ri c al — Traverse 
Q,D. of ouitfH-Stratght 
In 

pyllndrioal (Center* 
leas 

O. D. of cups «.... 
Surfacing (Tertlcal" 

Rough grooving In- 
ner race 


40 -D-AD849 00 -D-AD849 
60 -D-AD849 OO -D-AD849 

,90 -D-AD840 180-D-AD640 
60 ^.AD84S _ 

90 -D.AD849 IfO-D-AD^O 
F-D-108 
180-D- 

AD1016C 


Finish grooving Inner 
face 


CJarbo. Tit 



F.X 1 . 40 OA 

Alos. lit 

16 -B-L5 

44 'B-LI 

>0 -B-U 

Aloz. Tit 

SOl-K-SO 

SOl-M'^SS 

401.M.88 

Aloz. Tit 

401-14-28 

401-D-S4 

40 ^84 

Aloz. m 

60 •N-27 

40 -R-t6 

80 -8-88 

Aloz I 4 L 

24 -R-L5 

to -S-I 44 

84 -T-U 

Alox 

RedmanolOO •1S-E18R 

S6 •vlS-RlIB 

E0<18-R:18 

Aloz. Uj 
Alox. Rubbo: 

60 -N-DS 

86 -KBN 

40 ‘K-LS 

40 -(EBN 

80-EBN 


Aloz. Shellac 60 -S-KOA 
Alox. Rubber 60 -KBN 


80 .6-K6A 
80 *KBN 
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dR'A{>IK6» 


of .W<W 

Material 

Coa»» 

Ebod 

UMlom 

.MMluil 

9in» 

gbft 

Sough grbulng onter. 

luea AlbLSuhber 36 -EBN 

A1& ’Shellac 60 -6-K6A 
Alex 1$^ 60 -M-JL8 

60 -ESN 

80 .6.E6A 
60 -N-Lg 


noUh grooTliiip onter 

niOO •••%«*.« •eeteie.e 

Alox Bubber 
^Ox. Shellac 

70 -KSN 

100-EBM 



}00.8-E6A 

180.6-K6A 

Bore grlndlx^ 

Alox. Vlt. 

60 -E-30 

60 -11.88 

80 .p.86 

Bftfb ViAf f BxQrffttsIzig’) 

'BjQleti 

Bigh OftrlN>n Ste61 4t 
SteOl 

Swing J^rame 

Carbh. m 

20 -0+VA 
168:h+S 0D 
16S-H-a7 

24 -G+VA 
24 -H+HD 

84 .H*07 

Alox. Vlt. 

14 

16 -0-64 

16 G-1190 

16 -H-8S 

16 -H-llSl 
20 .H-3S 


AJox. Vlt 


Alox. Vlt. 

Carbo. 

Alox. Vlt 

20'. 6-064 

66 -6-63 

40 -H.33 

84 -^0-064 

60 «G-G6 

60 *H-88 

21 e.'R.nAS 

. 4 . e . . . . , 

OenteriaM 

'CDilQ 2 Uh1 it BoiuiSe).. 

m*9 **Jn*UDo 

so -s-so 

AUosr steel: 

'Swing frax^e 

Alox. Vlt 
Alox Vlt 

18 .0-1190 
18 -0-64 

‘14 -H-llOl 
14 -G-64 

16 -E.1191 
16 -0-64 

noxtue Shaft 

Alox. Vlt 

80 .Q.064 

84 '^G-064 

24 -H-06S 

Centerieae 

(Drm Bod A Bounde). Carbo. Vlt 
Alox. m 

86 -0-03 

40 .H.8S 

60 -G*G8 

60 -H-88 

80 -E-ao 


UM 
Auger . 


B<ilti (AntomQliQe)’ 
Cyllndrlool i. 
^Undilca) XouBtelein 

ttnke Bboet 

(ChlUeft Iron) 
Bnaggliig 

bran 


AIoz. 


Redmanol 36 -7-ETRb 60' -7.K7RB 70 .8.£8S 


Alox. Bubber -MBP 

60 -KBP 

70 -KBP 

3Uox. Vlt. 
Alox- Vlt. 

866-V-D498 

lOO-J-81 

60 <.M-D498 

120-J-81 

80 -M-D498 

Alox. 'Vlt: 
Alox Vlt. 

801.E-30 

60 -j-ai 

401-B-80 

60 -It«89 

401-M.28 

SO -K-SO 

Carbo. Vlt 
Carbo Vlt 

166-G+VA 20 -G+VA 

166-G+MG-1016 -G+MC-10 

24 -H+HD 

Carbo Vlt 24..M-OS 

Carbo Rubber 16 -CBB 
Carbo. 

Redmanol 60C-4 

86 ..M-G8 

80 -CB 

60CU6 

408-P-CP 

60 -CB 

70C-4 
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GRINDING WHEELS 


Class ot Work 


Xatemsl 

Snamrlziff: 

tfameter. •. 
Ow 12^ dlftineter... 
Surfadnir Cwtloftl). 

Ddek 

Hard 

Soft 

Q>oi|t&ea tSharponln^) 
>SroBM 

* Cyllndrlcil .. 

Cat ott 

fntsraal 

SnuKliiflr: 

oSSTiT dlfUneter* . . 
*Ovar 12* dl^oueter. , , . 
Sorfacdng; 

Horizontal 

Vertical 

Bard; 

Cylindrical ....is.... 
Cut off 


Internal . 
Snagglnar 


ontal 

Vertical 

Bnbiftonei (Ofooiinff) 
1/22^ tliiok and nnte. 
H-' to l/ieTs.s. 


thick aA4 over.. 

Caat hjon: 

Cylindrical 

Ihteraal 

^Pb^ened atM; 
■Cylindrical 

Plum 

Homiiipg 

6edit Blnjah 

31nliihlnff 


Abroire 

Mataiial 


GRADINGS 

Ooeret 

Hard 

MMlum ‘ 

Fins 

Soft 

Garbo. Vlt 

16 -M-Oa 

60 -H-G 2 


Garbo. Vlt 

30 -i-ae 

86 -I-G 6 

60*J*GB 

Garbo. Vlt 

16 -H+HD 

24 -I-G 6 

>e -i-as 

Garbo. Vlt 

24 -P-D 6 L 

29 -R-D4Ii 

sc -X-DSL 

Garbo. Vlt 

14 -K-a4 

16 -M-G2 


Garbo. Vlt 

14 -1-06 

^6 -J-G 6 


Alox AA 

86A-M-681 

46A-N-480 

S4A>P-S7C 

CaTbo. Vlt 

24 -M-02 

86 -M-G 8 

40S>P-.C!F 

Garbo Rubber 16 -GBR 

20 -CRR 

CO-CSBf’ 

Garbo. 




Rednuuaol 60G-4 

60G-6 

7 OC .4 

Garbo. Vlt 

26 -M-oa 

60 -M-G2 


Garbo. -Vlt 

80 -I-G6 

86 -I-G6 

SO .J-06 

Garbo. Vlt 

16 -H+HD 

24 1-G6 

SC •I-OC 

, Garbo. Vlt, 

24 -H-B2-H 

20 -P-lSl-H 

sc •p-at-M 

Garbo. Vlt 

20 -P-D6L 

SO -R-D4L 

sc -T-BSI» 

AloxVit 

aoi-E-so 

401-K-80 

401.M-S8 

Aloz. Rubber 16-KBR 

24 -ECR 


Alox. 




Redmanol 60K-4 

60E-6 

70K-4 

Alox Vlt 

40 -L-22 

60 .N-27 

CO -P.S6 

Alox Vlt 

16 -H-22 

20 -H-82 

S4 -Pt-SS 

Alox Ldi 

86 *P-L6 

40 -R-L5 

SO .T-Z4 

aiox IX 

20 -R-L6 

2 4 -8-1/4 

SO «T^S 

GaTbo Rikbber 60 -CAR 



Garbo Rubber 24 -GAR 

10 -GAR 

SO -CBB 

Garbo. 




Redmadol 60C-48 

70C-48 


Garbo. Vlt 

24 -J-06 

20 -K-G4 


Garbo. Vlt 

26 -K-04 

26 -M-G2 

40S-P-OF 

Garbo. Vlt 

86->7-B12-^ 

262-S-OH 

SSC-!C>OZ 


808-8-OH 



Alox Vlt 

40i:bC-2S 

401-0-26 

SO -PrCS 

Alox Vlt 

40 -M-D402 

60 -N-D497 

BO -aLOHCS 


60-K-20 

6fl^-M-f22 

CO 

Aldi Vtt. 

24 -St66 

80 -CI-64 



24 ^64 



Alox Vtt 

246-P.2S 

401-P-26 


Redmanol 70 -S-JBCMt 

70 ^-E8R 
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Olfuu of Work 


AbraftlTo 

Mktorlal 


GRADINGS 

Ooana UMlnrn FbM 

Hard iMlnm Soft 


loam Shalt Bearinfi 

Alox Vrt, 

SOl-K-SO 

401.M.28 

401<|-26 

Oar Whaeli 





ChlUed Iron: 
planae 

. . Alox Ylt 

20-B-AD1189 

20 -0-66 

80 -B-66 

Tread 

.. Carbo. Ylt 

14 .I.G6 

16 -1-06 

24 -I-GR 

Reanrlndlna 

. . Alox. Ylt 

16 .H.68 

16 -K-BO 


Carbo Ylt 

16 -H+HD 

16 -I.G6 


8M GdanganeBe) .. 
Pianao 

Alox Ylt 

16 .F-66 



Tread 

.. Alox. Vtt. 

1< .F-66 



Carbon 





BU<d: 

oft Ott 

.. Carbo Rubber 16 -CBR 

24 -CBR 

86 -CBR 


Carbo. 





Redmanol 400-4 

500-4 

60C-4 

Surfacing 

Soft: 

• . Carbo. Vit. 

12 -M-GI 

86 -P-Bl^A 

60 -R-Bl 

Cut off 

* . Carbo Rubber 

16 -CBR 

24 -CBR 

86 -CBR 


Carbo. 

Redmanol 40C-4 60C-4 60C-4 

Surfaolng Carbo. Vit 12-M«G8 -86 -P-Bm 60 -K-Bl 

Conterlees . 

HiEurd A soft Carbo. Ylt. 866-J-05 6() -K-G4 

Carbon copper bruBhee 

Cpt off Carbo. 

Redmanol 40C-6 BOC-6 70C-6 

0ar4» dofhhif Alox. Rubber 80-KBR 180-KCL. 

CMt Iron 

Cyllndrloal Carbo. Ylt. 24 -K*G4 86 -lp:-G4 $6 -M-G8 

Carbo.^ 866-M-B3 

Redmanol 86 -12-C12R 60 -lO-ClOR 

C^JUidHcal (centerleea) Carbo. Ylt. 24 -K.G4 86 -K-G4 86 

866-J^G4 86 -M-G8 60 -M-G8 


eternal Carbo. Yit. 24 -M-08 86 -M-G8 60 -M-G8 

SnagfiUng Carbo. Ylt 16 -G+YA 20 -G+VA 24 -G+VA 

Surfacing 

<8egment WhedB) ... Carbo. Ylt. 16 -J-GR 141-N-JD 14 -P-JP 

YertloM Carbo. Ylt 16 R-D4L 20 -S-D8I» 80 -T-DRIi 

AIcol 1!L 20 .P-i;<6 20 -S-Ii4 SO -T-L8 

Bbiliontal Carbo. Ylt 24 -N-02V6 80 86 -P-BIH 

ICotlBideBB CMndm 
An Standard Malcea: 

Soft Ste^ 

Rougblna Alox. Ylt 40 .1.82 40 .K.80 40 .N-27 

_ 60 -H.88 60 -J.81 60 -L-as 

Binlidantr Alox. I^t 80 -K-SO 80 .M-BO 80 -P-25 

Alox. Rubber 80 *Ke lOO-KDX 

Alox 

^ . Redmanol 160-6-R6R 

Hardened eteel; 

Houablng Alox Ylt 60 -L-BO 60 -N^27 60 -P-8A 
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GRINDING WHEELS 


ORAOINGII 

1 • ■ 


Class of Work 

Abrasive 

Material Coalna 

Bald 

Medima 

Radium 

Fine 

Sett 

Finishing 

Alox. Vlt. 80 -M.2* 

80 *0-26 

80 -P-86 

Alox. Rubber 

80 -KO 

100-KDK 

Cost Iron: 

Alox. 

Redmanol 

Silicate 

Carbo. Ylt 866-J-G6 

86 -M-G8 

160-6-K6R 

100-I-SI 

86 -P-Hl-tt 

If^eed Wheels all for 
Centerless Haohines. . 

Chdn Links 

Hard Iron 

Alox. Rubber 30 -KO 

Ckirbo. Ylt. 18 -F-MCll 

20.F-M(ni 

60 -M-GS 

Manganese 

Alox. Vlt. 

Alox, Vlt 24 -r-BS 

80 -F-66' 


Chasers 

Grinding Throats 

Surfacing 

Alox. 

Redmanol 60 -9*H0T 
Alox. AA 38A.M-e81 

so -9-K9T 
46A.>N-680 

4eA.P.678 

Clay Prodnets 

Surfacing 

(Cups A Cylinders).. 

Carbo, Vlt 12 -M-DS 

12 -P-BIM 

16-P-FlH 

for Segments) 

Chined Iron 

Snagging 

Carbo. Vlt. 16 -O+VA 

20 -O+VA 

24 -O+YA 

16 -H+HD 

20 -O+HD 

84 -H+KD 

Surfacing: 

Yertlcal 

Carbo. Vlt 20 -P-D6L 

80 -R-I>41< 

86 -T-D8L 

Horizontal 

Carbo. Vlt 24-N-B2H 

80 -F-BIH 

8IL -P-Bltt 

Rolls — See Rolls 

ConunutatoiB 

Roughing (wheels) 

Carbo. 

Redmanol 40 -18-C18R 

Carbo. Shel. 24 -O-COC 

60 .IS-OtSR 

60 -8-CSC 

100-0-C9C 

Finishing (wheels) .... 

Carbo. SheL 


Roughing (blocks ds 

rubs) 

Finishing (blocks & 
rubs) 

Alox. ShellaaBO -0-K9C 

Carbo. SheL 


70 -9-C9C 


OoDcrete 

SurfaclnjT Carbo. Ylt. 

Surfadni^-xHand rub 
fluted Carbo. Ylt. 


S4 -K-a4 
20 -G9 


Oouueotiiiff Bods 
Interna] ............. AJoz. Ylt. 

Surfacing (vertical) .. Alox. LL 


86 -I.-P840 86 -M-D468 

20 .P-L6 24 .R-L5 


Copper 
Cut off 


Carbo Rubber 16 -GBR 24 -CBR 
CTarbo. 

Redmanol BOC-O 


80 -R-I^ 

36 -CBR 
7004 
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Class of Work 


Abrasive 

Material 


GRADII4GS 


MMlnm* 

UMLnm 


C^llndrloal 

, Carbo. Shel. 
Carbo. 

86 -8-C8A 

60 -S-08A 

80 -4-C4A 

dnagglng 

Redmanol 


160-4-C4R 

Carboi m 

86 -1-06 


60 -J-06 

Burtadiig , . 

Rolls — See Rolls 

, C^bo. SheL 

40 -6-C6A 

60 .5-G;i5A 

80 -6-C6A 

Ooniden and Dmirhars 





Snagging 

Alox. Vlt 

10I>-0-64 


14 -H-6S 

Okankshafts 





Turned:' 





Roughhlg 

Alox Vlt 

801-H-88 

801.H-68 

801-1-88 


Finishing 

Alox Vlt 


366-J-21 

866-E-SO 

401-L-29 

Unturned: 





Roughlxur 

Alox "Vlt 

201-0-64 



Finishing 

Alox Vlt 


866-1-81 

866-K-80 

40^-Ii-89 

Regrlndlng 

Alox Vlt 

401.K-90 

401-Ii-29 

Snagging (balanolng)- 

Alox Vlt 

16 -(^64 

16 -H-68 

20-0-84 

Milery (Table A Pocket) 





Bolster grinding .... 
Knives (Hemming 

Alox Rubber 

60 -KCR 

60 -KCR 

80-KCR 

vdieels) 

Carbon steel 

Alox 




Stainless steel ...r. 

Redmanol 60- 9-K0R 

70 -9-K9R 

120-9-K9R 

Alox 




Knives: 

Redmanol 60-11-KliR 

70 -ll-EllR 120-ll.KllR 





Surfacing off hand. 
B[nlves— See Knives ' 

Alox Silicate 

00 -I-Sl 

100-I-SI 

180-J-SJ 

Cutters (Sharpening) 





(Formed 





Gear 

Hob 

Alox. Vlt 

401-P-25 

60-N-D487 

401-R-84 

60 -T-ai 

Alox. AA 

46A-igr-8tO 

64A-P-678 

80A-P-678 

Insert Tooth Mill- 

ing) 

Alox 




Redmanol SO-lS-HlST 

60 -X2-K12T 



OtthnSern (CkM IShigltfirA 
Auto) 

Internal 

Kew 'Cylinders Garbo. Vlt 

Regrlnd Carbo. Vlt 

Honlnff (Sticks) 

pushing Carbo. Vlt 

Finishing 


86 -N-B2^ 
808-S-OH 

60 -08 


86 -P-BIH 808-S-OH 
308-T-Ol 

866-S-OH 866-T-OI 


180-06 


XMes (ChUled Iron) 

Surfacing Carbo. Vlt 24 -H+HD 

AA V M A 


'DnwiMn * Oonplen ... Aloz. Vlt. 


20 •i>oe 

lOD-a-64 


220-06 


14 -B-es 
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GRINDING WHEELS 


ClARi Of Work 


Abnislve 

Material 


GRADINGS 


Com 

Hard 


XMlmii 

IfMlmii 


FIDO 

Soft 


BrlOf (Hlgb Speed Steel) 

Smng (cylindrical) . . . Alox. Tit, 801-J-Sl 
Centerless (cylindrioU) Alox. Vlt. 60-H-8S 
Alox. Rubber SO-KC 

Flutinff Alox. 

Redmanol 60 -8-K8S 
Alox. Rubber 60 -KGW 

Point Thinning Alox. 

Redmanol 50E-6 


Sharpennlg 

(Automatic) Vlox. VIL SOA-N-Zll 

Shanks • Alox. Vlt. 401-R-S0 

Backing off Alox Vlt. 401-K-80 


401-K-S0 


80 -8-K8S 
80 -KCW 

60K-8 

40 -N-87 
401-M-88 
401-M-88 


401-M-28 


80 -H-88 
60 -M-S8 


Drop PVxrgtngs (See 
Forgings) 


Files 

Surfacing Alox. Vit. 24 -K-80 

]g|dging Alox Vlt 

Fluting 

See Taps. Drills Bits 


241-18-88 


80-G-64 


Forgings 


l&a^ng (hand) 

. . . Alox. Vit 

le -F-6S 

20 -F-66 

Surfacing 

.... Alox Vlt 

24 -j-ao 

80 -E-80 

Fork Tinea 

. . . . Alox Vit 

aoa-B+ADToa 


Frogs and Switcbee 




(Manganese) 




Snagging (swing frame Alox Vit 

12S-F-66 

14S-a-<4 

Surfacing 

.... Alox Vit 

14S-H-08 

148-I-aS 

Grooving 

.... Alox Vlt 

14S-H-68 


Hole Grinding . . . 

. • . Alox Vlt. 

24 -M-28 


Portable Grinding 

. . . Alox Vlt 

20 -G-64 

24 -H-62 


80 -0-64 


16S-H^68 
14S-K-80 
80 -N-27 


Ganges 

Plug (cylindrical) ... Carbo. Vlt. 

Alox Shellac 


IF-P-WP 

8F-B-K8A 


Gears 

Cleaning between 
teeth: 

Cast Iron 

Steel (hardened) . . 
Internal 

Surfacing— vertical .. 
Stoning Rubs . 

Glass (Cot) 

Cbeokerlng and fine 

cutting 

now outs (multli)le 
or gang mitres) 


Carbo Rubt 
Alox Vlt. 
Alox Vlt. 
Alox Vlt. 
Alox Ui 
Carbo. Vlt 


24 -CBA 
24 -H-68 
40 -L-D840 
60 -K-80 
24 -P-L6 


86 -CBA 
86 -H-68 
60 -M-D488 
60 -M-28 
24 -R-L6 
2F-Gia 


60 -CBA 

60 -P-D48S 
60 -P-8S 
86 -T-IA 


Alox Vlt 180 to IF-F to 1 
Alox Vlt 180 to IF-F to B 
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ClasB of Work 


Abrasive 

Materiel 


QRADINGS 


Coant 

Bud 


KMlam 


Sine 

Soft 


Medium depth cuts. 

pressed ware ^Alox. Vlt 

Alox -Vlt. 

Spotting and puntles. . Alox. Vlt. 

Scalloping Alox. Vlt. 

Fluting Alox, Vlt, 

Flatting Alot, Vlt. 

Lighting Ware: 

Mitre cnts-^smoothing Alox. Vlt. 
Fine cuts—emoothlng Alox. Vlt. 
Punites— smoothing . Alox. Vlt. 
Spotting— smoothing . Alox. Vlt. 
Lamp shades: 

Edge grindings— dry. . Carbo. Vlt. 
Edge grinding— wet. Carbo. Vlt 
Electric light globes, 

Air tight, wot Carbo. Vlt 

Air vent grinding of 
gas globes, wet.... Carbo. Vlt 

Reaming, wet Carbo. Vlt 

Overblow, wet or dry Carbo. Vit, 
Tumbler Grinding: 

Edge Grinding Carbo. Vlt 

Edge Grinding Alox. Vit 

Edge bev^ing Alox. Vlt 

Fluting Adox. Vlt 

Cracking off Wheels 
A Sticks Carbo. Vlt 

Optical Leii86S-*‘Edge 

Grinding 

Roughlz^ rimmed lenses Carbo. Vlt 
Smoothli^g rimmed 

lenses Alox. Vit 

Smoothing rimless 

lenses Alox. Vlt.> 

Perfection bl-focals, 
eta Alox. Vlt 

Glass 

Plate Glass: 

Beveling— Roughing 

vertically Carbo. Vlt 

Beveling— smoothing Alox. Vlt 
Edgework — 

Roughing Carbo. Vlt 

Edgework — Semi- 

smoothing Carbo. Vlt 

Alox. Vit 

Edgework — 

Smoothing Alox Vlt 

Edgework (Webber 

machine) Alox. Vlt 

Notching — 

Roughing Carbo. Vit 

Notching— Smooth- 
ing Alox. Vn. 


1^ to 180-H to N 

80 to 100-K-to P-20 bond 

80 to IF-H to L 

220 to IF-J to L 

100 to 1P>J to L 

100 to IF-J to L 

120 to IF-F to K 
180 to IF-F to K 
80 to 100 H to R 
80 to 120 H to R 

60 to 80-J to M 
80 to 140-1 to J 

80 to 120-1 to J 

80 to 220-1 to N 
60 to 120-G to K 
60 to 120 L to F 

120 to 180 M to Q 
100 to 180 E to H 
180 to F-I to K 
80 to 180-1 to K 

100 to 180 G to K 


Z20 -L to O 

80 to 180-J to N 
80 to 180-J to N 
80 > to 180-E to P 


60 to 160 L to R 
120 to 180 F to H 

60 to 180 K to M 

180 to 3F-H to K 
160 to J to L 

120 to 220 F to H 

160-J-81 

100 to 160 L to O 
120 to b80'F tn H 
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GRINDING WHEELS 


GRADINGS 


Class of Work 

Material 

Coarse 

Hard 

Madiam Vina 

UMlnpa Soft 

Mitre Cutting— 




Boughing 

Carbo. Vit 


70 to 120 L to P 

Mitre Cutting — 




Smoothing 

Alox, Vlt 


180 to IF H to K 

Cash Holes 

Carbo, Vlt 


100 to 120 K 

Hand pulls — finger 




slots 

Alox. Vlt 


120 H 


Glass Hiscella neons 
Ciittlnff glass tubing. . :;arbo. Vit. 

Glass tile wheels Carbo. Vlt. 

Opallte. Vltrolite, Car- 
rara, etc^roughing. . Carbo. Vlt 
Potters Wheels 

(smoothing out bums) Carbo. Vlt 
Gem Grinding 

(roughing) Carbo. Vlt 

Qem Grinding 

(smoothing) Carbo. Vlt 

Blocking out and shap- 
ing Mineral Stones. . Cal*bo. Vlu 


180 to 220-H to I 
SO to S20-I to M 

SO to S20-I to M 

180 to 220-H to K 

60 to 120-H to Ij 

160 to F-H to 14 

60 to 120-H to L 


Granite 

Slotting 


Polishing 


Carbo. 

Redmanol 20 -6-C6T 
Carbo. Shel. 141-2-A8M 
Carbo. Vlt 40 -M-G8 


Guide Bars 
Bing and segment 

wheels Alox. Vlt 16 .M-28 

Alox. Silicate 141-H-SN 

Haintuei'S and Hattdiets 
Claws, grinding be- 
tween . Alox. Bubber 50 -KCB 

Neck grinding Alox. Bubber 14 -KDH 24 -KDH 

Surfacing Mox. Vlt 24 -H-38 86 -1-82 

Knlres 

Barker and chipper., /^lox. Sit 808-P-SP 86 -S^SS 

Butcher (Bee Cutlery) 

Hog ^lox. SU. 808-P-SP 86 -S-SS 

Leather Fleshing 

(block) A.10X. Vlt 24 -D840 

Ijeather Shaving .... Alox. Vit 502-1 -I- D846 70 -J-D842 

Leather Splitting . . * . Alox. Shellac 80 -g-HSA 

Alox. 

Redmanol 40 -14-K14T 

Moulding Alox. Vlt 40 -M-D408 60 -M-D408 

Paper Alox. Sll. 808-P-SP 36 -S-SS 

Pocket (See Chitlery) , Alox, Sll. 90 -I-8I 120-J-SJ 

Section Mower Alox. Sll. 38 -K-BK 86 -L-SL 

Sugar Beet Alox. Shellac 86 -4-K4B 

Sticker Alox. *Vlt 40 .M-D49g 60 -M-D498 

Tobacco Alox. LL 40 -0-L7 

Alox Vlt 60 -N-27 
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ClaBB of Work 


Abrasive 

Material 


GRADINGS 


CoarM Medium Fine 

Bard Medium Soft 


Rag Alox. SlUcate 808-P-SP 86 -S-SS 

Table (See Cutlery) . . 

Veneer • . • • Alox. Sll. 

Shear Blades Alox. SU. 

lAthe Canteara Alox. Vlt. 


Leather 

Unhalrlng Machine 

(block) Alox. Vlt 

Fleshing machine .... Alox. Vlt. 

Whitening machine. . . Alox. Vlt. 

Vhughn Shaving 
machine Alox. Vlt. 

splitting machine . . . Alox. Shellac 
Alox. 

Hedmanol 

Leather 

Finishing or knapping Carbo. Vlt. 
chamois leather ... 

Suedlng (drum wheel) Carbo. Vlt. 

Soles (Pounding 
machine) Alox. Vlt 


808-P-SP 86 -S-SS 

16 -L-SL 24 -J-SJ 

401-K-80 60 -M-28 80 -M-28 


24 -D840 
24 -D640' 

502-1 -I-D846 70 -J-D842 

602-I + D846 70 -J-D842 
80 -8-K8A 

40 .14-K14T 


16 -M-B8 
60 -M-B8 
6 -K-JIE 


rjwiHi 

Locomotive Alox. Vlt 

Chain 

Mallaeble (annealed) Alox. Vlt. 
Malleable 

(unannealed) ... Carbo. Vlt 
Alox. Vlt 

Steel Alox. Vlt 


40 -H-D846 
24 -0-64 
16 -F-MCll 
24 -G-64 


60 -H-D846 

24 -F-MOll 
30 .B-66 


Machine Shop 

Cut off Alox. Rubber 16 -KBR 24 -KCR 

Alox 

Bedmanol 50K-4 60K-6 

General Purpose .... Alox Vlt 16 -G-84 20 -H-88 

16 -G-64 ’ 20 -G-64 


86-b:cr 

70K-4 

86-1-82 


MalleaUe Iron 

Annealed Alox. Rubber 10-KDH 14 -KDH 

Alox. Vlt 14-G1-64 14 -H-eS ie-H-63 

UnanneeJed Carbo. Vlt 14 -G+VA 16 -O+VA 20 -G+VA 

Carbo. Vlt 14 -G+MOlO 16 -G + MC1020 -G + MCltf 
Alox. Vit 16 -F>66 16 -G>64 20 •G-64 

Uartde and Sttttte 

Co|>lnd Carbo. 

Redmanol 201-7-K7R 

„ Carbo. Bbel. 141-2-A8M 201-2-A8M 

Snagging and 

roughing Carbo. Vlt 6-8-JH lO-S-XH 

Forming mould: 

Marhle Carbo. Vlt 40 -M-G8 

Sandstone Carbo. Vlt 24-M-GS 40 -M-GB 

Honing Carbo. SheL 1808-I-C4F 
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ClaM ot WoA 


PoUfil^nfr edffea ot 
marble 

(Pollard 14-16-18* 

dla.) 

Tundnff Bsdastera ft 
Columns 

((granite and Band- 
stone) 

Roughing 

Finishing 

lilmestonsr 

Marble 

Artificial Stone .... 
Carbo ft Alox. rube for 
Marble, granite, 'Slate, 
Rough .ft coarse grit- 
ting 

Fine : 


Honing 

Honing (slate) .... 

Metallograpbdo Bpect- 
meiu 

Roughing 

Finishing • 

Milling Cutters 
(See Cutters) 

Monel Metal 

Roughing 

Cut off 


Xcedles 

Phonograph 

Knitting 

Pointing 

Pearl 

Hand Roughing 

Hand Finishing 

Buttons — automatic .. 

Turning Tools 
(Sharpening) 

Pearl Novelties, to 4* 
dla. 

Pins 

Pipe 

Cut off 


Abrasive 


GRADINGS 

Material 

COtfM 

HStd 

Mtdlmu 

FUm 

Soft 

Carbo. Sheb 


1808-1-C6F 


Carbo. Vlt 
Carbo.* Vlt. 
Carbo. Vlt. 
C!arbo. Vlt 
Carbo. Vlt. 

6-S-JH 

40 -M-GS 
84 -M-G8 

24 -M-G8 

40 -M-G8 

40 -M-G8 


Carbo. Vlt 
Carbo. Vlt 
Alox. Vlt 
Alox, Vlt 
Carbo. Shel. 
Carbo. Shel. 

40 -M-G8 
120-M-G8 

220.1-C6F 

80 -M-G8 

1686 

1833 

F -1-C6F 

F -1-RDC 

2F-1-C6F 

2F-1-RDC 

Carbo. Vlt 
Carbo. Vlt 

60 -P-GP 

120-P-GP 

2F-K-(H 


Alox Vlt 

18 -G-64 



Alox. Rubber 16-EBR 



Alox 



60IC-4 

Redmanol 


S0K-4V 

Alox Vlt. 

401-H-D846 

160<J->1 

160-J-I)840 

Alox Vlt. 

80 -H-D846 


160-B-t48 

Alox. Vlt. 

80 -H-D846 

150-H-8t 

Alox Rubber 



go -KD 

Carbo. Vlt 

40 -H-G7 

80 -H-a? 

120-0-010 

Carbo, Vlt 
Carbo. Vlt. 

80 -H-B8 

86 -H-G7 

40 -Ir-OSH- 


Alox Vlt. 


80 .I-S844 

80 -1-88 

Carbo. Vlt. 

100-H-G9 

160-H-O9 

aB0-H-O9 

Alox Vlt. 

80 -H-88 

160-0-84 

150-O-D&4 


Alox. Rubber 16 -KBR 
Alox. 

Redmanol 60K-4V 
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ClaiB of Work 


IntemaKBoe cut Iron) 

Pipe Bans 

Cylindrical 

Between Centers . . . 

Centerless 

Plstoni. 

Aluminum Alloy 

(auto) 

Ckst Iron (Between 
centers) 

Cast Iron (centerless) . 

Steel 

Piston Pint (Wrist) 

Pins) 

Cylindrical 
Between Centers . . 
Centerless 


Piston Bings 

Cylindrical 

Surfacing (Horliontal) 

Surfacing (Vertical) . . 
Internal 

Platon Rods 

, Plate Glass (see glass) 
Plows 

Chilled Iron: 

Surfacing 

Jointing 

FltUng 

Steel: 

Surfacing (90^ wheels) 
surfacing (2 O'' wheels) 

Jointing 

Pitting 

Re-eharpenlng plow 
points 

Poroaiain 

Cut-off tubing 

Roughing 

Finishing 

Surfacing (ring wheel) 

Pulleys 

Crowning (cylindrical) 


Abrasive 

Material 


GRADINGS 


Coam 

Bard 


Bedlam 


Soft 


Alox. Vlt 
Aloz. Vlt. 

246.J-81 

80 -(31-64 

801-J-81 


Carbo. Vlt. 
Aiox. Vlt. 

408-P-CJF 

401-0-26 



Carbo. Vlt. 
Carbo. Vlt. 
AIoz. Vlt 

86 -IC-G4 

86 -P-Bl^ 
401-M-28 

36 -M-G8 

865-M-B3 

Alox. Vlt. 
Alox Vlt 
Alox Rubber 

401-K-80 

60 -J-81 

401-M-28 

60 -L-29 

80 -RDX 

60 -M-28 
80 -K-80 
100-KDX 

Carbo. Vlt. 
Alox Vlt. 
Alox. LL 
Alox. LL 
Carbo. Vlt. 

86 -K-G4 

40 -M-D408 
60 -M-L9 

20 -P-L6 

24 -J-G6 

86 -M-G8 

60 -N-27 

60 -R-L6 

24 -P-L6 

86 -N-E2H 

60 -J-G6 

Alox Vlt. 

246-K-80 

801-K-80 

401-M-28 

Carbo. Vlt. 
Alox Vlt. 
Carbo. Vlt 
Carbo. Vlt. 

16 -G + VA 

20 .K-80 

16 -G + VA 

16 -G + VA 

20 -G + VA 

30 -18-20 

20 -G + VA 

20 -G + VA 


Alo*. V(t. 16 -H-J8 

Alox. Vlt. 16 -H-88 

Alox. Vlt. 16 -G-84 

Alox. Vlt. 14 -H-SS 

Alox. Rubbor 16 -KDR 

16 -1-82 

20 -H-38 

20 -H-SS 

20 -H-88 

Alox Vlt. 

20 -G-64 

24 -H-88 

80 -H-88 

Carbo. 

Redmanol 60C-4 

Carbo. Vlt 40 -H-G7 
Carbo. Vlt 

Carbo. Vlt 16-P-BlH 

70C-4 

60 -J-06 

80 -J-G6 

16 -R-Bl 


Carbo. Vlt. 

24 -K-G4 

86 -M-G8 
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Claaa of Work 




GRADINGS 

Abrasive 




Material 

Coarie 

nr«uHimi 

Fliia 



Hard 

Medlam 

Soft 

. . .^Alox. 

Vlt. 

12 -C<64 

14 -H-68 


. . . . Alox. 

Vlt. 

16 -K-J12 



Alox. 

Vlt. 

16 -1-82 

86 -H-sa 


. . . Alox. 

Vlt. 

24 .H-68 

' 

. . . Alox. 





Redmanol 180-10-K10R 



Alox. 

Rubber 220-KF 



Alox. 

Shellac 



8F-8-K8A 

'. . . Alox. 

Vlt. 

60M-H-D048 


.... . Alox. 

Vlt. 

m-K-80 

401-M-28 

60 -M-28 

. . . Alox. 

Vlt. 

iOl-K-80 

401-M-28 

6d -M-28 

Alox. 

Uj 

86 -Nr-L8 

40 -N-L8 

60 -N-L8 

. . « Alox. 

Rubber 86-B:CR 

60 -HCR 

70 -HCR 

. , r Alox. 

Vlt 

20 -F-86 

20 -0-84 

84 -H-88 

Alox. 

Rubber 20 -RBL 


• . . Alox. 

Vlt. 

60 .M-28 

60 -0-26 

60 -R-24 

. . . Alox. 

Vlt. 

401.M-28 

401-0-26 

60 -P-'26 

. . . Alox. 

Vlt. 

60 -Ii-D840 

60-M-D49a 

60 -O-B406 

Alox. 

Vlt. 

50 *£*80 

60 -li-29 

60 -N-27 

- . . Alox. 

Vlt. 

60 -H-SS 

60 -J-81 

80 -1-82 

• • • Alpx. 

Vlt 

60 •0-84 

100-1-0844 

ioa-H-88 


• f •> Alox. 
Alox. 

Vlt 

346-M-D488 

8oi-B:-ao 

■ 


Raflfl 

Burtadnff 

'Blocks 

Welds— surf aclxur 

Raion, Safety 
Sbarpeuing • • . . , 


Be-sbarpeolng . . . 
Beauters 

Backing off 

Cylindrical 

Fluting • . 

Rfans (Automobile) 
Welds 

Boiler Bearing Cupb 

Centerless 

(^llndrloal 

InteiTOl 

Boilers for Bearings 
Centerless ....... 

Cylindrical 

BoDs 

Hardened Steell 
Rpughlng 


Finishing • 

Polishing 


Cast Iron: 


Redmanoi 24 
. Alox. Shellac 
. Carbo. Vlt^ 
Carbo. Shel. 


-12-K12B B6 -12-K12R ' 

60 -6-K6A IBO-f-RTA 
2F-Q-WF 
8F-ji*C6A 


Roughing 

Carbo. Vlt. 34 -K-GM 



Finishing 

Brass: 

Carbo. Vlt 86 -M-08 
Carbo. 

Redmanol 86 -12-C12R 

68 -p.Cfi’ 


Roughing 

iCarbo. Vlt 86 -M-QB 
Carbo. 

Redmanol 86 -18-(}12R 

60 -p-qF 


PHn^shlng • . . . 

Chilled Iron: 

C!arbo. Shel. 

40 -8-CSA 

^0 -8-C8A 

"Roughing 

Carbo. Vlt 24 -K-04 
Carbo. 

80.>.]C-O4 

30 >M-08 

mnlshlDg 

Redmanol 20 -9-GOT 

.84 -10-C10» 

80 -13-013B 

Carbo. Vlt 86 ^M-GB 

408-P-CP 



Carbo. Shel; 80 -B-CSB 

>40- -S'CSA 

60 -4-OiA 

80 -4.C4A 
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GRADINGS 

Com Ibaiani FUm 

Httrt lladlnm Soft 


J»wel€ik«' SolUl 

Rougblnr Carbo. m 60 •lC>OS 

Flniahlng Carbo. Vlt; 

T> » JF.4-K4A 

Rubber BoUa 

Rougblng Carbo. 'Vlt. SO -114-0$ 80 -P-CF 

Flnlahlng Carbo. Vlt. 40 -M-OS 

Copper: 

' Roughing Carbo. Shel. SO -6-C6A 

Flnlahlng Carbo. Vlt. 00 -S-WB 180-S-WH 

Sad Irona 

BnaggJnr Carbo, Vlt 24 -H+HD 24 -J-G6 60 -0-08 

Surfaemg Carbo. Vlt 24 -M-FS 24 -P-DBL 

Sftfes 

External Alox, Vlt. 24 -K-JO 

External (doors) .... Alox. Vlt, 80 -J-81 

Internal (holea) Alox. Vlt. 24 -J-81 80 -M-88 

Pit Grinding (internal) Alox. Vlt. 24 -J-81 80 -M-28 

JP'ittlng Alox. Vlt. 24 -J-81 80 -M-28 

Suitaclng Alox. Vlt. 24 -J-81 24 .L-29 

Snagging Alox. Vlt. 14 -H-88 10 .H-88 20 -H-88 



Sand Corea 
Cut off . 

Pointing 


CTarbo Rubber 24 -CBR 
Carbo. 

Redmanol 24C-2D 
CarbOa Vlt. 


Sam (Gumming) 
Hand 

Circular 

Meta)' Cutting ^ 
Slate HnifB 


Alox Vlt. 86I$-H-D841 
Alox Shellao ^4-4 
Alox 

Redmanol 36-d-KOR 
Alox Vii 866-K-D841 
Alox. 

Redmanol 36-8-KBR 
Alox. 

Redmanol 70K-4T 
Alox. Rubber 1J50-R7Q 
Alox Vlt 86 ->M-28 


Sliears 

Hand Surfacing Alox. 81L 6$ -J-fiJ 

SbOT^s 

Odglnir Alox. Vlt. 20 -F-D1186 


Skates 

Snr&iclng Alox 

. , Redmanol 60 -12-fi:i2T 

Re-sharpenlng Alox Vlt 40 -E-D841 

darbo. Vlt 


Slate 

Surfacing Carbo. Vlt 40 rM-06 


80 H+HD 

S66-L-D840 408-E-D841 

80 -4 

40 -JIO-KIOR 

866-I>-D840 60 -M-D4t8 

40 -lO-KlOR 

60 -0-D847 
90 -K-SK 
SO -F-66 

60 -12-m8T 

60 .K-D841 80 -H-D841 
80-K-O4 120-K-O4 
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tpiatti of Work 


Abrasive 

Material 


GRADINGS 


Goans Ifiadlam lino 

Hard Medium Soft 


Copliia Carbo. SheL 

Flit^hlng (blooka) • . Carbo. SheL 

Spline Shafts 

Gyllndrioal Aloz. Vit. 

Grinding Splines ....Aloz. Vit, 
Aloz. AA 

^prtnsB 

OoU (sauarlng ends) . . Aloz. Vit 
Leaf: 

Surfacing Aloz. Vit 

Chamfering Aloz. Vit 

Grinding Byes .... Aloz. Vit. 

Steel 

Dow Carbon 

Cylindrical Aloz. Vit 

Aloz. Vit 
Aloz, Vit 
Aloz, Vit 

Internal Aloz. Vit 

Aloz. Vit. 

Surfacing 

(horlsontal Aloz. LL 

Surfacing (vertical) Aloz. IX 
High Carbon: 

Cylindrical Aloz. Vit. 

Aloz. Vit. 
Aloz. Vit. 
Aloz. Vit. 

Internal Aloz. Vit 

Aloz. Vit 
Aloz. AA 

Surfacing 

(horlsontal) Aloz. AA 

Surfacing (vertical) Aloz. LL 

Aloz. Silicate 
AA 

Steel Castings 

Snagging swing frame Aloz. Vit 
Snagging floor stand. Aloz. Vit 
Snagging portable . . . Aloz. Vit. 

Aloz Vit. 

Manganese Steel: 

Snagging swing 

frame Aloz. Vit. 

Snagging floor stand Aloz. Vit. 

Stellite 

Surfacing (horlsontal) Aloz. Vit. 
Surfacing (vertical) . . Aloz. Sil 

Cut off Aloz. 

Hedmanol 

Interns 1 Aloz. Vit 


141-2-A8M 

161-2^8M 

220-1-RDC 

201-2-A8M 

F-l-'RDC 

401-1-88 

50-M-28 

46A-M-681 

401-H-80 

50 -P-26 
46A-P-078 


16S-a-84 

20S-I-82 

20S-J-S1 

24 .H-S8 

24 -H-68 

24 -H-68 
16S-a-84 

80 -H-88 

80 -H-68 

20S-I-82 

80 -J-81 

301-1-82 

246-K-80 

401-K-80 

50 -D-DSdO 
60 -K-80 

801-K-80 

246-M-28 

401-M-28 

60 -M-28 

60 -M-D498 
60 -M-28 

801-M-28 

401 -0-26 

60 -P-26 

60 -0-D496 
60 -0-26 

86 -F-L6 

24 -P-L6 

40 -P-L6 

24 -S-L4 

60 -R-L6 

80 -T-L8 

aoi-K -80 

246-M-28 

401-M-28 

60 -D-D840 
60 -K-80 
46A-N-6B0 

801.M-28 

24e-P-25 

401 -0-20 

60 -M-28 

60 -M-D498 
60 -M-28 
54A-P-678 

401-P-26 

60 -F-26 

60 -0-D496 
60 -0-26 
60A-R-604 

86A.P-678 

24 -H-L6 

24 -R-SRAA 

36A-T-604 

24 -T-L8 

80 -S-SBAA 

46A-U-60S 

80 -U-Ii2 
46A-U-SUAA 

10 -0-64 

10 -H-68 

20 -F-66 

24 -G-64 

12 -G-64 

12 -H-68 

20 -G-04 

84 -H-68 

14 -H-08 

14 -1-82 

20 -H-68 

80 -H-68 

12 -G-64 

12 -0-64 

14 -H-68 

12 -H-68 

16 -H-68 

14 -H-68 

40 -R-24 
866-U-SU 

60 -T-22 
501-V-SV 


60K-6 

60 -0-26 

60K-8 

80 -P-25 

80K-4V 
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Claaa of Work 

. ‘ Abrasive 

G R A.l> 1 N G S 

Mate^al 

Coaraa 

'MMlqm 

Pine 



Hard 

MMInm 

Soft 

TooIb (off ha&d) 


24 -H-SS 

86 -H-83 

60-J-81 

LdSht. outs 

. . Aloz. Tit. 

Heavy ouU 

. . Alox. Vlt. 

40 0-S6 

60 •Pt26 


Stove Harte 



24 -G+VA 


Snagging 

. . CArbo. Vlt 

20 -O+VA 

80 -G + VA 

Fitting . • • . 

. . Carbo^ Vlt 

208-a+VA 



Alox. Vlt 

SOl-B-66 

24 -CBA 


Notohlng 

. . Carbo Rubber 

16 -CBA 


Grinding holes .... 
Surfacing; 

. . -Carbo. Vlt 

24 -O+VA 

^ so -O+VA 

40 -HiOr 


Roughing ....... 

Carbo. Vlt 

86 -H-G7 


Finishing 

.. Carbo. Vlt 

60 -H-G7 

80 -1-06 

Am 

j^utlng 

. . Alox. Rubber 

86 -KCR 

60 -KCR 

70 -KCR 

Sharj>6nlng 

• . Alox. Vlt 

40 -N-D497 

60 ■L-D840 


Tile (Hollow) 

C!arbo. Vlt. 

24 -J-G5 

86 -N-G8 

40 -M-08 

Tubing 

Weld on Seamless 

Alox. Vlt 

16 *H-68 

86 -H-88 


Cut off: 





Hard brass, broase 

Alox. 




Redmanol 

60K-4 

60K-6 

70K-4 


Aloz. ftubber 1< -S^BR 

24 -KGB 

36 -KCR 

Soft brass. 




aluminum, oarbon C&tho. 





Redmanol 50C-4 

60C-6 

70C-4 


Catbo Rubber 16 -CBR 

24 -CBR 

86 -CBR 

Toole 





Lathe and Planer; 







. . Alox. Vlt. 

86 -I-D844 

60 -J-D842 

60-J-n8^2 

Heavy 

. . Alox. Vlt 

24 -H-D846 

36 -H-D846 

40 -I-D844 


Alox. Vlt. 

24 -H-es 

86 -H-68 


Large wheels 

. . Alox. Vlt. 

24 -H-D846 

24 -L-20 

80 -K-80 


Alox. Vlt. 

24 -H-68 


^up wheels 

Tungsten Bods 

. . Alox. Vlt 


24 -K-dO 

24 -L-89 

Cut off 

. . Alox. Rubber 

80 -KBR 

100-KBR 


Talvee (Auto) 


60 -J-D848 



Seats 

. . Aloz. Vlt. 

80 -K-D841 



60 -1-82 

80 -J-81 


Stems-cyllndrloal . . 

. . Aloz. Vlt. 

401-E:-8o 

401-M-28 


Centerless 

. . Aloz. Vlt 

60 -J-Sl 

80 -J-31 


^VltMons Ware 





Surfacing 

. . Cfarbo. Vlt. 

36 -M.03 




AX<kL Sll. 

26 -N-SN 



Worms 





Thread Orlndlzig .. 

. . Aloz. AA 

46A-K-688 

46A-M-681 


Wrenoiies 





finA gglng t . T . . ♦ f . , . 

- Aloz. Vlt. 

24 -F-66 

24 -K-80 

24 -G-64 

24 -M-28 

80 -F-65 

80 -J-31 

Surfacing • 

.: Alox. Vlt 
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GRINDING WHEELS 


The Norton Go. grit and grade recommendations for various 
classes of work are given in the following pages. Since the 
Carborundum and Norton grade scales run opposite, the two 
series of tables are necessary. Crys. is crystolon; alun., alundum; 
vit, vitrified; sil., silicate; rub., rubber; shel., shellac; bak., bake- 
lite. 

The numerals “19” placed before the grain number as 
“1950-M” indicate that the wheel is made of “19 alundum” 
abrasive. The numerals "38” placed before the grain number as 
“3850-M” indicate that the wheel is made of “38 alundum” abra- 
sive. The letter “V” placed before the word “shellac” or the 
grade number designates a particular type of shellac bonded wheel. 
The letter “T” before the word “bakelite” or the grade num- 
ber indicates a particular type of bakelite bonded wheel. 

Grinding wheels are sometimes made of a combination of 
grains and are designated as, for example, 24 combination. A 
combination wheel with a mixtore of fine, coarse, and medium 
grain sizes has a different cutting action from a straight-grained 
wheel and is desirable for certain operations, particularly cylindri- 
cal grinding. Such wheels are designated by 24C as 24G-E. 
Where the term “cylindrical” is used in the table, reference is 
intended to cylindrically grinding work on centers. By the word 
“centerless” is meant the production of work on a centerless grind- 
ing machine. 

A grain and grade list such as this reaches its maximum 
usefulness only after its purpose is familiar to the user. It is 
impossible to recommend at aU times the best wheel for a given 
operation because the grinding action depends not only upon the 
wheel structure itself but also on the wheel speed, size of wheel, 
size of work, condition of machine and, to a very large extent, 
on the way the wheel is handled by the operator. 

In this table we have listed many of the common grinding 
operations. The column “First selection” list wheels that should 
be tried first. In the next column the usual range of wheels 
is given. Under ordinary operating conditions it will seldom be 
found necessary to use a wheel outside of this range. In making 
these recommendations we have taken it for granted that the 
wheel speeds are in agreement with those in the table on page 6, 
that the wheels are of a size commonly used for the work, and 
that the machines are in good operating condition. 
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Work and Abrasive 

Operation & Process 


Adate 

Offhand roughing 
Offhand finishing 
Aluminum 
Cylindrical 

Surface (Cups & Cyls.) 

Internal 

Snagging 


Armatures (Laminations) 


Cylindrical 
Artificial Stone (See Stone) 
Anes (Soft Steel) 

Siding 
Edging 
Axles (Auto) 

Cylindrical 

Axles (Railway) 

Cylindrical 


Balls (Soft — ^Large} 
Roughing 

Balls rSoft--Small) 
Roughing 

Balls niard or Soft— -Large) 
zst Finishing 

Balls (Hard or Soft— Small) 
zst Finishing 
BaUs (Hard— large) 

Final Finishing 
Balls (Hard— Small) 

Final Finishing 
Ball Races— Radial (Soft 
SteeO 

Rough Surfacing (Cyls. & 
Cups) 


Ball Races— Radial (Hard- 
ened Steel) 

Finish Surfadng (Cups and 
Cyls.) 


Cylindrical 


Rough Grooving (Inner 
Race) 

Finish Grooving (Inner 
Race) 

Rough and Finish Grooving 
(Inner Race» One Opera- 
tion) 

Rough Grooving (Outer 
Race) 

Finish Grooving (Outer 
Race) 

Rough and Finish Groov- 
ing (Outer Racd 

Internal 


Oys. VlL 
Cri^ Vlu 

Cryf.Vlt. 
Alun. Shel. 
Alun. 

Crys. Vlt. 
Crys. Shd. 
Alun. Shel. 
Crys. Shd. 
Crys. Viu 

Alun. YIU 


Alun. Vlt. 
Alun. VlL 

Alun. Vlt. 
Alun. Vlt. 

Alun. Vlt. 
Alun. Vlt. 

Alun. Vlt. 

Alun. Vlt. 

Alun. Viu 

Alun. Vlt, 

Alun, Vlt. 

Crys. Vlt. 


Alun. Sil. 
Alun. Sll. 


Alun. Sil. 
Alun. Vit. 
Alun. Vit. 
Alun. Vlt. 

Alun. Vlt. 

Alun. Shel. 
Alun. Vlt. 


Alun. Shel. 

Alun. Vlt. 

Alun. Shel. 

Alan. Bale. 
Alun. Vlt. 


rst Selection 
Grain-Grade 

Coarsest 

Hardest 

Finest 

Attest 

80 

K 

80-K 

X 30-1 

340 

J 



40 

J 

30-K 

40-1 




36-3 

3834 

I 


383 ^H 

30 

xH 



36 

5 

30-6 

46-4 



30-6 

46-4 



24 -R 

36-0 

36 

I 

30-J 

36-1 

36 

20 

R 

U 

30-R 

30 .U 

36-0 

30-S 

46 

L 

46*L 

46.K 



34C-L 

24C-K: 

46 

L 

46-L 

46-K 



a4C-L 

24C-K 

36 

Z 

36-Z 

60.W 

60 

Z 

60-Z 

X 30 -Z 

80 

Z 



z80 

Z 



XF 

Z 



XF 

Z 




3830 

J 


3834-H 

1946-K 

3830 

1946 

G 

K 

3834-H 

3846-G 

I936-L 

Z934C-L 

3836-G 

3846-G 

X9a4C-K 

X 970 

K 

Z946-M 

Z980-L 

zao 

4 

80-5 

Z9$o-N 

xso-2>i 

Z970-K 

80 

4 

46-5 

90 - 3)4 

1970 

K 

Z936-L 

I970-J 

zao 

4 

80-5 


tofio 

ic 

70-8^ 

Z946*M 

lSO-3 

X 970 -K 
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GRINDING WHEELS 


Work and 
Operation 


Ball Raced— Thruit (Hard- 
ened) 

Surfacing (CyL & Cupe) 


Grooving 
Bath Tuhi 
Snam^Ing 

Billets (High Speed and High 
Carbon Steel) 

Cleaning (Swing frames) 
Cleaning ci^eidble Sh^t) 
Cleaning (Centeiless) 
Billets (Aoy Steel) 
Cleaning (Swing Frames) 
Cleaning (Flexible Shaft) 
Bits (AugerV 
Grinding Throats 
Fluting , 

Bolts (Casb-hardened Sted) 
Cylindrioal 
Centerless 

Brake Shoes (Chilled Iron) 
Snagging 
Brass 
Cylindrical 
Internal 

Surfacing (Cups and Cyls.) 
Snai^ng 
Cutting-otf 
Bride (^trifled) 

Snagging 

Surfacing (Cups and Cyls.) 
Broaches 
Sharpening 


Bronze (Soft) Use 
wheels as lor Brass 
Bronze (Hard) 
Cylindrical 
Internal 
Snagging 
Cutting-off 


Buhr Stones 
Grooving (Narrow) 
Grooving (Wide) . 


Bushing (Hardened Steel) 
Cylindrical 
Internal 

Centerless (Roughinip 
Centerless (Finishinu 
Bushings (Cast Iron) 
Cylindrical 
Internal 


Buttons (See Pearl) 
Capis (Rough Forging) 
Roughing 


Gams (Hardened' Steel) 
Finishing (Vitrified 
Wheels) 


Finishing (Shellac Wheels) 


Abrasive 

xst Selection 

Coarsest 

Finest 

ficProcess 

Grain-Grade 

Hardest 

Soft^ 

AlumVit. 
Alup. Vit. 

3830 

104 fi 

i 

38S4P-K 

1930-K 

3846.J 

Z 950 -I 

Alan. Rub. 

36 

R 9 

30-R9 

46-R8 

Chrys.Vit. 

34 

S 

so-U 

30-S 

Alan. Vit. 

so 

R 

zs-R 

20-P 

Alun. Vit. 


Q 

so-R 


Alun. Vit. 

40 

0 

46-P 

Alun. Vit. 

Z 4 

S 

rs-S 

SO-P 

Alun. Vit. 

34 

0 

ao-R 

30-p 

Alun. Rub. 

36 

R8 

30-R8 

36-R8 

Alun. Rub. 

70 

R8 

Alun. Vit. 

60 

L 

.60-N 

60-L 

Alun. Vit. 

80 

M . 

fio-O 

80-M 

Crys. Vit. 

34 

S 

z6-U 

34-s 

Cryi. Vit. 

36 

J 

36-K 

46J 

Crys. Vit. 

36 

J 

36-K 

34-1 

46-1 

Cw- Vit. 

34 

H 

30-H 

Crys. Vit. 

S 4 


30-P 

V-Shel. 

30 

V6 

50-V6 

Crys. Vit, 

x6 

P 


16.N 

Chys,Vlt. 

so 

M 

24^M 

Alun. Vit. 

1946 

K 

t936-L 

XOSO-K 

Alun. Vit. 


3836-L 

3850-K 

Alun. Vit. 
Alun. Vit. 
^un. Vit. 

34C 

3860 

K 

& 

34G-M 

30.P 

Alun. V-Shel. 

30 

V6 

30-V7 

46-vs 

Crys. Rub. 

46 

R8 

3d-R8 

60-R8 

Crys. Vit. 

34 

M 


Alun. Vit. 

46 

K 

30-L 

46-j 

Alun. Vit. 
Alun. W. 


K 

L 

3846-M 

46.N 


Alun. Rub. 

ISO 

R4 


Crys. Vit. 
Crys. Vit. 

36 

-i 

30-Lr 

36-K 

lU 

Alun. Vit. 

30 

P 

34-R 

36-P 

Alufi. Vit. 
Alun. Vit. 

3834C 

K 

3824C-K 

3840-K 

sas-' 

Alun. Shel. 

46 

3 

36-4 

50-3. 
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Work and Abtaaive 

Operation & Procew 


Gam RoUefs (Hardened 
Steel) 

Cylindrical 

Internal 

Gim Shaft Rearinsa 
Cylindrical 

Gar Wheels (Chilled bon) 
Cylindrical 
Ghr Wheels (Sted) 
Cylindrical 

Car Wheels (Manganese 
Steel) 

Cylindrical 
Carbon (Soft) 

Cuttlng-off 

Carbon (Hard-Round- 
Small) ' 

Cutting-off 

Carbon (Hard-Roond- 


Large) 

Cuttii^-off 

Carbon (Hard-Plate) 
Stripping 
Carbon (Metallic) 
Cutting-off 
Carbon 
Surfacing 
Card Cloililng 
Pointing Tips 
Cylindrical 
Cast Iron 
Cuttlng-off 
CyUndrical 
Internal 

Surfacing (Cups and Cyls.) 
Surfacing (Straight Wheels) 
Snagging 

Chain I^ (MaUeable 
Iron and Steel) 

Snagging 

GhalnLinks (Unannealed * 
Malleable Iron) 

Snagging 
Chasers (Thread) 

* Surfacing 
Grinding Throats 
Chilled Iron 
Snagging 

Surfadng (Cups and Cyls.) 
Surfacing (Straight 
Wheels) 

Cyllndriw (See Rolls) 
Chisels 

Suriadog (Ciupsand Cyls.) 
Edging (Cups and Cyls.) 
Sharpening 
Clay (Blocks) 

Surfadng (Gups and Cyls.) 
Surfadng (Segments) 


Alun. VlU 
Alutt* Vit. 

AluiuVit. 

Cry8.Vit. 

Alan. Vit. 

Alun. Vlt. 
Crys. Rub. 

Crys. T-Bak. 

Crys. Rub. 

Crys. T-Bak. 

Crys. T-Bak. 

Crys. Vit. 

Alun. Rub. 
Alan. Vit. 

Ci7B. V-Shel. 
Crys. Vit. 
Crys. Vit. 
Crys. Vit. 
Crys. Vit. 
Crys. Vit. 

Alun. Vit* 

Crys. Vit. 

Alun. Vit. 
Alun. Shel. 

Crys. Vit. 
Crys. Vit. 

Crys. Vit. 


Alun. Shel. 
Alun. Vit. 
Alun. Vit. 

Cry8,\^U 
Crys. Vit. 


ist Selection Coarsest Finest 
Grain-Grade Hardest Soft^ 


3860 M 
3860 L 

384644 • 
38S0-M 

3880-E 

386 o*E 

040 M 

94C-M 

6o-K 

16 Q 

16-R 

94 -? 

so P 

*6-0 

94 -K 

16 0 

1441 . 

Z6^ 

z6 R8 

X4^R8 

30* R8 

4 ^ T 4 



14 R8 

Z 4 -R 8 

t6-R8 

30 Ts 

36-Ts 

30-T4 

30 Ts 

36-Ts 

do-T 4 

30 J 

30-1 

46-1 

po R8 

13 L 

8o*R8 

X 9 >K 

100-R8 

la-M 

3 ff V 7 

iJ t 

30 J 

90 S 

30-L 

36-K: 

I4-J. 

30-IC 

Z6-U 

94-H 

46^1 

94 'R 

94 K. 

0 

34 -R 

a 4 <e 

94 S 

I6-T 

94 -R 

3846 J 

60 3 

3846-K 

3846-J 

94 S 

90 I 

Z 6 -U 

14-J 

94 r€ 

94-H 

36 I 

30-J 

36-1 

& i. 

46 M 

46-V6 

46-M 

46-N 

n 

SO-M 

zi 0 
z6 L 

Z4-0 

zo-M 

16-K 

16JU 
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GRINDING WHEELS 


Wotkaad 

Operation 


Gommutatora 
Roughing (Whedfl) 

Finishing (Wheels) 

Both Operations (Wheels) 
Roughizig (Bricks) 

Finishing (Bricks) 

Concrete 

Surfacing (Bricks by Hand) 
Surfacing (Bricks by 
Machine) 

Surfacing (Cup Wheels) 
Connecting Rods 
Internal 

Surfacing (Cups andCyls.) 
Copper 

Cylindrical (also See Rolls) 
CutUng-off 

Surfacing (Cups and Cyls.) 
Couplers and Draw Bars 
Snagging 

Crankshafts (Pins an<£Bear- 

Roughf^ 

FlnisMng 

Snagging (for Balancing) 
Gut Glasa (See Glass); 
Cutlery (See Knives) • 
Gutters (Formed) 

((jcar) 

(Hob) 

(Inserted Tootb) 
(Milling) 

Shari)ening (Machines) 

Gutters (Molding^ 
Shaipcnlng (Offhand) 
Cylinders (G^ Engine) 
Internal (New Cyls., 
Wheels) 

Regrlnding (Wheels) 
Honing (New Cyls.. Sticks) 
Reboning (Sticks, Rough- 
ing) 

Rehoning (Sticks, Finish* 
Ing) 

Dies (Forging) 

Cleaning 
Dies (Threading) 

Chamfering (Cone Wheel) 
Dies (Drawing) 

Cleaning . ^ . v 

Surfacing (Cups and Cyls.) 
Surfacing (Straight Wheels) 
Drills 
Cutting-off 

Cylindrical 

Centerless (Roughing) 
(Finishing) 
Predsion Sharpening 
Point Thinning 


Abrasive 

&Pcooesi 

ist Sdection 
Grgi&Grade 

Coarsest 

Hardest 

Finest 

Softest 

Crys. Shel. 
Alunu SheL 
Crys. Shel 
Alun. Shel. 
Crys. Shel. 
Alun. Shel. 
Alun. Shel. 

80 a 

60 3 

80 2H 
lao lii 

46-3 

80-3H 

46 -a 

80-2H 

Crys. Vlt. 

94 K 

30 -S 

30-P 

Crys. VIU 
Crys. ViL 

34 Q 

34 P 

30 -S 

30-0 

30-P 

30.N. 

Alun. VIL 
Alun. Vit. 

3860 K 
3830 1 

386 o-L 

3824-1 

3860-K 

3830-H 

Crys. Sbd. 
Crys. Rub. 
Ciys. Vlt. 

34 R8 

14 H 

6o-2Mi 

16-R8 

14^1 

Bo-iH 

30-R8 

16-H 

Alun. Vit. 

10 T 



Alun. Vit. 
Alun. Vit. 
Alun. ^^t. 

36 DR 
SO DO 
30 R 

36-DS 

46-DP 

16-R 

36-DO 

50-DM 

24^P 

Alun. Vlt. 

Alun. '^t. 

1 

3846 K 

3836-K 

IP36-K 

3860-J 

I960-J 

Alun. VlL 

46 M 

46.P 

60-M 

Crys. Vit. 
Crys. Vlt. 
Crys. Vit. 

36 H 

36 H 
180 M 

30C-J 

30C-J 

ISO-O 

40-G 

40-G 

240-K 

Crys. Vlt. 

60 L 

60-M 

60-K 

C^ryg. Vlt. 

x8o M 

ISO -0 

240-K 

Alun^ Vlt. 

60 P 

46-0 

60*O 

Alun. Vlt. 

80 P 

80-Q 

80-P 

Alun. Vlt. 

1 Alun. Sil. 

1 Alun. A^t. 

60 L 
3824 I 
3846 I 

44 -M 

60-K 

3830-H 

3846-1 

Alun. Bak. 
Alun. Shel. 
Alun. Vlt. 
Alun. Vlt. 
Alun. Rub. 
Alun. Vlt. 
Alun. SheL 

46 5 

SO N 
80 L 

X 30 R4 

46 L 

50 3 

36-6 

g:?. 

46-M 

80-R6 

36-L 

46-3 

46-3 

00-4 

60-M 

80.K 

IS0-R3 

46-K 

50-2 
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Work and 
Operation 

Drllla (Small) 

Fluting 

Offhand Sharpening 
DriUa (Large) 

Fluting 

Offhand Sharpening 
FUea 
Surfacing 
Forgings 
Snagging 
Forkmes 
Offhand 

Frogs and SwitcUes (Man- 
ganese Steel) 

Ofiiand Grooving (Port- 
able M ach in es) 

I 

Semi-Predsion Grooving 


Abrasive 

xst Selection 

(hoarsest 

Flneit 

SeProcess 

Grain-Grade 

Hardest 

Softest 

Alun. Rub. 

4 ^ 

R8 

46-R8 

60-R8 

Alun. Vlt. 

do 

M 

50-O 

80-M 

Alun. Vlt. 

46 

P 

46-R 

6o-P 

Alun. Vlt. 

34 

P 

a 4 -P 

46-0 

Alun. Sil. 

X936 

N 

X 930 -O 

1936-M 

Alun. Vlt. 

so 

R 

x6-R 

24 'R 

Alan. Vit. 

36 

R 

36-S 

36-K 

Alun.^t. 

so 

R 

x6-R 

24-0 

16-R8 

Alun. Rub. 



X6-R8 

Alun. Vlt. 

x6 

9 

X4rS 

16-Q 

AlumT^t. 

Z 4 

R 

12-S 

16^ 

Alum^^^t. 

14 

R 

xa-S 

I6-Q 

Alun. ^^t* 

3880 

E 

3860-E 

38 X 00-1 

Alun. Vlt. 


X960-E 

X 9 X 00 -J 

Alun. Vlt. 

38120 

E 

38xao-L 

38i2a-E 

Alun. Vlt. 

38200 

E 

383oa-L 

38aoo-E 

Crys. Vit. 


xao-P 

zso-L 

Alun. Vlt. 

38200 

M 

38200-0 

38aoo-M 

- Crys. Vlt. 


lao-P 

xso-L 

Crys. Rub. 

36 

R8 

30-R8 

60-R8 

Alun. Vlt. 

3850 

E 

3846-M 

3860-J 

Alun. Vlt. 

3880 

J 

3846-E 

3860-J 

Alun. m 

3846 

E 

3846-L 

3860-j 

Alun. \^t. 

3830 

H 

3824-1 

3836-G 

Alun. Vit. 

3850 

1 

384^1 

1946-J 

3860-H 

1960-H 

Alun. Vlt. 

38,0 

E 

3890-M 

3i90-E 


Surtadng Alun«^iat« 14 R xa-S 

(>SLidri^u Alun. ^^t* 3880 K 3860-K. 3< 

Alun. Vit. 1960-K X, 

Gages (U. S. Thread. Coarse _ 

Htch) Grinding Threads Alun. Vlt. 38x^0 E 38xao-L 3 

Gages (U.S.Thread, Medium , 

Rtch) Grinding Threads Alun. Vlt. gSaoo E 383 oa-L 3 

Crys. Vit. xao-P 

Gages (U. S. Thread, Fine 

Pitch) Grinding Threads Alun. Vlt. gSaoo M 38300-O 3 

- Crys. Vlt. xao-P 

Gears (Cast Iron) 

Cleaiung between teeth _ ^ ^ ^ ^ 

(Offhand) Crys. Rub. 36 R8 30-R8 

Gears (Hardened Steel) 

Form Precision Grinding Alun. Vlt. 3850 E 3846-M 

GeneratlvePreciBlonGrlnd- 

ing Alun. Vlt. 3860 J 3846-E 

Internal Alun. "S^t. 3846 K 3846-L 

Suriadng (Cups and Cyls.) Alun. \^t. 3830 H 3804-! 

Surfacing (Straight 

Wheels) Alun. Vit. 3850 I 3846-J 

1946-J 

Glass (Cut) 

Puntylng (Concaving boi- 
toms 01 Glaases and Tum- 
blers) Alun. Vlt. 3890 E 3890-M 

Puntying (Beading, deep) Norton Deep Mitre or Light Ware Stone 
Puntying (Beading, ehallow)Norton Fine Mitre Stone 
Puntylng (Grapes on Rich 

Cut Glaw Norton Deep or Medium Mitre Stone 

Puntylng ((drapes on Light 
Ware) Nortpn light Ware Stone 

Puntsdng (Petals on Rich 

Cut Norton Deep or Medium Mitre Stone 

Puntylng (Petals on light 


Norton light Ware Stone 


Edging (Rich Cut Glass) Norton Medium Mitre Stone 
Edging (light Ware) Norton light Ware Stone 
Engraving (Puntles, Flat 
Leaves, etc.) Norton Deep Mitre Stone 


846 



GRINDING WHEELS 


Wbrkud 

Abrasive 

zst Selection 

Coarsest 

Finest 

Operation 

SeProcess 

Gniii<Grade 

Hudnt 

Softot 


Glass (Cut) — CotU^d 
Engraving (Edge Cuts) 
Engraving <FIm Work) 
Fluting ^ch Cut Glass) 
Fluting (Llij^t Ware) 
ScsUoipng (Rich Cut Glass) 
SmoothiiuK and Flat Work 
(RiSctit Glassf 
Glass (Lamp Shad w 
Grinding Edges 
Glasp (Lenses) 

Eddng 

Surfacing (Tories) 

Glass (Tubing) 

Cylindrical 
Internal 
Nicking , 

Glass (Tumblers) 

Edging 

Glass (Circular Mirrors) 
Rough Bevelling (Auto- 
matic machineon race of 
wheel) 

Rough and Final BeveUIng 
(Automatic machine on 
race of whed) 

Glass (Windshield) 

Rounding Corners 
(Face of Wheel, (Dffhahd) 
Semi-Polishing Edges 
(Side of Wheel, 
Rounding Comers 
(Face of Wheel, Auto- 
matic) 

Granite 
Coping 
Surfadng 
Guide Bars 

Surfacing (Segments or 
Cylinders) 

Surfacing (Straight Wheels) 
Bammers (Claw) 

Grinding between daws 
Neck Grinding 

All other Operations 
Housings (Auto Axle) 
Cylindrl^ 

Snagging 

Surfadng (SegmenU)* 
Knives (Butcher) 

Machine Surfadng 
O 0 hand Surfadng 
Knives (Chipper and Bar- 
ker) 

Sharpening: 

Knives (Ho^ 

Sharpening 

Knives (Leather Fle^ng) 
Sharpening (Bricks) 


Norton Medium Mitre Stone 
Norton Fine Mitre Stone 
Norton Deep Mitre Stone 
Norton Light Ware Stone 
Norton Deep Mitre Stone 

Norton Deep Mitre Stone 


Crys. ViU 

00 

K 

8o*L 

XOO-J 

Alum Vitv 

300 

M 

zSo-N 

aoo-M 

Crys. Vlt. 



340-O 

60-O 

340 - 0 ^ 

Alun. VlU 

100 

N 

xgo-M 

Crys. Vlt. 
Crys. Vit. 



30.K 

46-1 


Crys. Vlt. 

iSo 

S 


Alun. Vlt, 

X 50 

M 

I 30 -O 

180-L 

Crys. VIU 


X 30-0 

Z50-L 

Crys.Vlt. 

po 

I 



Alum Vlt. 

300 

K 

300 «K 

aoo-K 

Alum Vlt 

X 50 

N 



Alum Vlt. 

ISO 

N 



Alun. Vlt 

X50 

N 



Cry8.V-Shei. 

Z 4 

Vt 


16-V7 

Crys. Vlt. 

40 

L 

36-K 

Alun. Vlt. 

x6 

M 

Z4-M 

30 -K 

Alum Vlt 

*4 

J 

ao-K 

30-J 

Alun. Rub. 

46 


46-R8 

60-R8 

Alun. Vit. 

30 

p 

34-Q 

34 pR 9 

30-p 

Alun. Rub. 

34 

R 3 

30-R8 

Alun. Vit. 

30 

P 

34-P 

36-0 

Alun. Vit 

34C 

M 

24C-N 

34C-L 

Alun. Vit 

14 

R 

14-R 

I6-Q 

Alun. Vit 

10 

0 

xa-P 

16-N 

Alum She!. 

50 

4 

46-5 

1P70-L 

60-4 

Alun. SU. 

ip8o 

K 

XOPO-K 

Alum SU. 

1036 

J 

Z930-K 

XP 46 -I 

Alum Sit 

X936 

J 

IP30-K 

1946-1 

Alun. Vlt 

34 

R 

a 4 -R 

46-0 
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Work and 
Operation 


Knives (Leather Shaving) 
Sharpening 

Knives (Leather SplitUnsd 
Sliarpening 
Knives (Moulding) 

Offhand Sharpening 
Knives (Machine) 
Sharpening 
Knives (Paper) 

Sharpening 
Knives (Podeet) 

Machine Surfadng 
Offliand Surfadng 
Knives (Section) 

Bevelling 
Surfacing Backs 
Knives (Sugar Beet) 
^Rooting. 

Knives ^able) 

Roughing 
Flnialiing 
Rough and Finish 
(One Operation) 

Bolster Grinding 
Knives (Veneer) 

Sharpening 
Lli|ks (Locomotive) 

Machine Grinding 
Links (Chain<Mfidleable {ron 
and Steel) 


(Links (Cnaln-Unannealed 
Malleable Iron) 
Snagging 

Macfaime Shop Grinding 
(General Offhand 
Malleable Iron Annealed 
Snagging 


Malleable IroQ Unan- 
nealed 
Snagging 
MarUe 

Balusterp ^ugh Tumlng> 
Balusters (finish Turning) 
Coping 

Surfadng (Segments) 
let Cutting 
2 nd Gritting 
Honing 


Surfacing (Whed) 
Roughing 
Finishing 
Molding 
Roughing 
Finishing 

Metalloi^phic Specimens 
Roughing 
Finishing 
Monel Metal 
'Cuttipg-off 


Abrasive 

zst Sdection 

Coarsest 

Fiaot 

& Process 

(Mn-Grade 

Hardest 

SoftMt 

Alun, Vlt. 

SO 

0 

SO-P 

5O-O 

Alun. Shel. 

30 

iH 

30 - 1 J 4 


Alum Vlt. 

36 

M 

a6-N 

46-L 

Alun. SlL 

XP36 

J 

I930-K 

X946-I 

Alun. SlL 

1936 

J 

1930-K 

1P46-I 

Alun. Shel. 

60 

V6 

46.V6 

60-4 

zao-N 

Alun. Sll. 

130 

0 

90-p 

Alun. Sll. 

36 

M 

36-N 

46-L 

Alun. SIL 

X936 

1 

I936-J 

X946-I 

Alun. Shel. 

4d 

5 



Alun. Shel. 


5 

46-5 

70-3 

Alun. Shel. 

zoo 

3 

70-3 

100-3 

Alun. Shel. 
Alun. Rub. 

60 

36 

is 

60-S 

36-R8 

70-4 

60-]^ 

Alun. SU. 

1936 

J 

Z 930 -K 

Z946-I 

Alun. Vlt. 

46 

P 

36.P 

60-M 

Alun, YiL 

94 

R 

94rR 

94-0 

Crys. ViU 

94 

$ 

16-T 

34-H 

Alun. ViU 

94 

Q 

94rQ 

30-O 

Alun. Vlt. 

30 

R 

30 -S 

34-Q 

Alun. Rub. 



za.R 8 

16-R8 

Chys.VlU 

30 

S 

t 6 -S 

30 -R 

Crys^WlU 

8 

M 

8-0 

8 -L 

Vit. 

36 

K 

36-K 

36-J 

Crys. V-^hel. 

14 

V 6 

X 4 ^V 7 

ao-V 6 

Chys, Vlt. 

130 

K 



Alun. Vit. 

180 

I 

180-J 

300-1 

Alun. Shel. 

XF 

5 

XF-s 

XF -4 

Alun, VIU 



sSo-J 

380-J 

Crys. Vlt. 

8 

L 

8 -M 


C:hy 8 .ViU 

36 

J 

a 4 -L 

Crys. ViU 

8 

L 

8 -M 

8 -K 

Crys. ViU 

36 

J 

34-L 

46-J 

Alun. VlU 

80 

P 



Alun. ViU 

300 

M 



Alun. Rub. 

16 

R 8 



Alun. Bak. 

16 

8 
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Work and Abrasive ist Selection Cooreat Finest 

Operation & Process Grain-Grade Hardest Softest 


Snasging 
Heedles 
Pointing 
Pearl 
Buttons ( 

Buttons ( 

Buttons ( 

Blanks! 

Buttons (Slitting) 

Buttons (GroovI^ 
Buttons (Grinding 

Pointing 
Pipe (Soft Steel) 

Cutting-off 

Internal 

Pipe Balls (ManganeseSteel} 
Cylindrical Machine 
Roughing 


^Backing) 
Surfacing) 
Roughing Rough 


I^b 


Centerless Machine 
Roughing 
Regnnding 
Platons (Alununum) 
Cylindrical 

Pistons (Cast Iron) 
Cylindrical 
PUton Pins 
Cylindrical Machine 

Centerless Machine 
Roughing 
Finishing 

Piston Rings (Cast Iron or 
Semi-Steel) 

Cylindrical 

Surfacing Roughing (cylin- 
ders) 

Surfacing (Straight Wheels) 
Internal (Offhand) 

Platon Rode (Locomotive) 
Cylindrical 
Plows (Steel) 

Surfacing 

Fitting 

Edging and Jointing 
Plows ^hilled Iron) 
Surfacing 

Edging and Jointing 
Fitting 
Porcelain 
Cutting-off 
Cylindrical 

Removing Imperfections 
Pulleys (Cast Iron) 
Cylindrical 

Rough with Pulley Grinder 
. (CyUnder Wheel) 

Finish with Pulley Grinder 
(Cylinder Wheel) 


Alun. ViL 
AlumVit. 


Crya. Vlt. 
Crys. Vlt. 


Crys. Vlt. 
Crys-V-Shel. 
Crys. ViL 


Crys. Wt. 
Alun. Vit. 


Alun. Shd. 
Alun. Vlt. 


Alun. Vlt. 
Alun. Vit. 

Alun. ViU 
Alun. Vit. 


Crys*. Vlt. 
Alun. Shd. 


(hys. Vit. 

Alun. Vlt. 
Alun. Vlt. 


Alun. Vlt. 
Alun. Shel. 


Crya. Vit. 


Crys. Vlt. 
Alun. Vit. 
Crya. Vit, 


Alun. Vlt. 

Alun. Vlt. 
Alun. Vit. 
Alun. Vit. 


Crsrs. Vlt. 
Crys. Vit. 
Crys. Vit. 

Crys.V-Shel. 
Crys. Vit. 
Crys. Vit. 

Crys. Vlt. 


Crys. Vlt. 
Crys. Shd. 


24 

Q 

70 

P 

SO 

0 

36 

0 

36 

80 

% 

ISO 

s 

ISO 

T 

zao 

R 

46 

20 

36 

1 

N 

46 

M 

36 

0 

36 

0 

36 

J 

36 

K 

i960 

L 

60 

M 

120 

R 4 

36 

E 

20 

ipSO 

20 

h 

Q 

a4C L 

16 

R 

20 

R 

x6 

R 

16 

T 


i6 
30 

30 

36 

ISO 

30 J 
24 I 
70 a 



24-0 

So-Q 

46-P 

36-P 

30-R 


120-U 

go-Z 

46-V6 

z6-Q 



30-P 

36-L 

36-a 

36-L 

zg6o-M 

3860-M 

46-M 

xao-Rs 


30-M 

t6-M 

1936-N 

16-R 

24C-M 

z6-R 

30 -S 

16-S 

16-T 

20-U 


24-V7 

120-T 

30-L 


I6-L 


sent 


24 *R 

70-P 

60-M 

46-N 

36-N 


ISO-T 

aoo-R 



36-N 

46.M 


46-L 

40-j 

36-2 


46-J 

ig6o-E 

3860-K 


80-IC 

Z50-R3 


36-E: 

24J 

1950-L 

20-Q 

34C-E: 


34-R 

20-S 

36-V5 

t8o-0 

30 -J 

24-I 

70-iJi 
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Work and 
OpmUon 


Ralls (Welds) 

Surfacing 
Wheels 
Bricks 
Razors 
Buiring 
Side of Tang 
Concaving 

Shoulders (Cutting in) 
Shoulders (Shaping after 


Razors (Safety] 
Sharpening 
Reamers 
Backing«off 
Cyllnmcal 

Fluting 


Hardening) 
Edging (Rouimnid 
- - ■ r (Finlsmn^ 


P^tShapIng 


Rifle Barrels 

Cylindrical 
Rims (Automobile) 

Removing Welds 
Grooving 

Roller Bearlnfl Gups 
Cylindrical 
Internal 

Rollers for Bearlufls 

Cylindrical 

Rolls (Brass or Copper) 
Cylindrical (Roughing) 
Cylindrical (Finishing 
Rolls (Granitd 
Roughing 
Finishing 

Rolls (Cast Iron) , . ^ 
(^lindrical (^ughin^ 
Cylindrical (Finishing) 
Rous (Chilled Iron) 

Farrell Tsrpe Machine 
Roughing 
Finishing 

Norton Type Machine 
Cylindrical (Hot Plate 
RolW 
Cylindrical 

Cylindrical 

Rolling Sted 
Cylindrical (Polidilng) 
Rolia (Hard Rubber) 
Cylindrical (Rbughing and 
Finidiing) 

Rolls (Soft Rubber) 
CylinMcal (Rouvdng and 
lushing) 

Rolls (Stedinardened) 
Farrdl Type Machine 

M ing Machine 
ng 

Norton Type Machine 


(Pnrer Rolls) 
Wls for Cold 


Abmlve 

&Pn)cess 

zstSdectlou 

Grain-Grade 

Coarsest 

Hardest 

Ftneat 

Softest 

Alun* Vlt. 
Alun* Vlt, 

20 0 

34 N 

z6-Q 

90 -P 

24-O 

24pN 

Alun, Vit. 
Alum Vit, 
Alun. Vlt- 
Alun. Vlt. 

46 0 

60 N 

60 0 

80 P 

4d-P 

aM 

46-0 

80-N 

70-M 

Alum Vit, 
Alum Vlt. 
Alum Shd* 
Alun. ViU 

ISO M 
3880 

200 zH 

46 0 

zao-N 

200-2 

4d-P 

Z20-M 

Alum Vit. 

L8p7 J 

L897-K 

L897-J 

AlumVlL 
Alun. Vlt. 
Alun. Vit. 
Alun. Rub. 
Alum Bak. 

ZP46 R 
ZP46 K 

80 R8 

Z 94 d-L 

z^L 

4 d -9 

J® 

38 do-l 

80-R8 

60-7 

Alum Vlt. 

Z934C L 

Z934C-M 

Z934C-K 

Alum Vlt. 
Alun. Rub. 

34 Q 

30 R8 

20-S 

a 4 -R 8 


Alun. Vit. 
Alum Vit. 

Z960 J 
3860 K 

Z 9 S 0 -K 

3S45-L 


Alun. Vlt. 

zoo 0 

90-O 

zoo-N 

Crys. Shd. 
Crys. Vit. 

46 3 
zoo I 

36-3 

46-2 

Crys. Vlt. 
Crys. Vit. 

z6 K 

36 J 



Crys. Vlt. 
Cr^. Vlt. 

30 K 

80 J 

30-L 

do-K 

36-iC 

80-J 

Crys. Vit. 
Alun. Shd. 

36 L 

TO zH 

a4-M 

do-a 

3d-K 

80.ZM 

C^rys. Vit. 
Crys. Vit. 

24 R 

4 d J 

24rL 

30 -K 

Crys. Vlt. 
Crys. Shd. 

80 J 

XF z 

do-K: 

80-T 

Crys. Vlt. 

3d K 

36-K 

46-J 

C^rys. Vlt. 

36 K 



Alum Vlt. 
Alun. Shd. 

46 L 

70 iX 
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Work and 
Operation 


Cylindrical 

Cylindrical (Polishing) 
Roll Scoorlnd (Bricks) 

(All types of rolls) 
Rubber (Soft) 

Cyllndrl<^ 

Rubber (Hard) 

Catting-off 
Cylindrical 
Ssul front 

Surfacing (Cups and Cyls.) 

Surfacing (Offhand) 
Snagging 
Safes 
SnajEging 
Surfacing 
Sand Corea 
Cutting-off 
Saws (Band) 

Gumming 


Saws (Circular) 
Gumming 

Saws (Metal Cutting) 
Gumming 

Saws (Metal Slitting) 
Gumming 
Baddng-off 


Scissors and Shears (Cast 
Iron) 

Surfacing Sides of Blades 
Scissors and Shears (Steel) 
Surfacing sides of blades 
(Cyl.) 

Grinding Flash from Bows 
Pointing and Shaping 
Grinding Neck or Comer 
Strike ^tting Edges 
Resharpening 
Shovels 


Edging 
SUte 


Spline Shafts * 
Cidlndrical 
Surfaci^ Sdines 
Springs (Lea!) 

Grinding Byes 
Chamfering 
Sl^gs (C^ 

Souarlng Bods 
Sl^Casongs (Low Carbon) 
S nug gin g (Swing Frame) 

: (Floor 


Snagging < 


Stand) 
(Sn^ Bench 


(Portable Mar 

Sted CnsHngi (Manganese) 
"Bee also '^F^gs and 
Switches’*) 


Abrasive 
& Process 

zst Selection 
Grain-Grade 

Coarsest 

Hardest 

Finest 

Softest 

Alan. Vit. 

3846 

J 

3846-K 

3880-J 

Crys. Shel. 

XF 

1 


Crys. Vlt. 

60 

0 

46-P 

150-M 

Crys. Vlt. 

36 

K 



Crys. Rub. 

30 

R8 

36-K 


Crys. Vlt. 

36 

K 

46.J 

Crys. Vit. 

so 

H 

14-J 

20-H 

Alun, Sli. 
Crys. Vlt. 

z6 

N 

"It!) 

3814-1 

20-L 

Crys. Vlt. 

16 

Q 

iMl 

24-P 

Alun. Vit. 

x6 

Q 

I4pR 

16-0 

Alun. Vit. 

20 

0 

20-P 

24^N 

Crys. Rub. 

24 

R8 

20-R8 

30-R8 

Alun. Vlt. 

1946 

M 

1936-M 

1950-L 

Alun. Shelf 


30C-S 

30C-4 

Alun. Vit. 

1946 

M 

1936-N 

1946-N 

Alun. VlL 

60 

P 

SO-Q 

80-P 

Alun.V-Shel. 

80 

V6 

60-V7 

80-V6 

Alun. Vlt. 

1946 

I 

1946-J 

1960-1 

Alun. Vit. 


3846-I 

3860-1 

Crys. Vit. 

zoo 

S 



Alun.V-Shel. 

ISO 

Vs 

46-P 


Alun. Vit. 

46 

p 

6o-0‘ 

Alun. Vit. 

50 

0 

SO-0 

60-O 

Alun. Shel. 

120 

4 



Alun. Vit. 

120 

M 



Alun. Vit. 

38100 

L 



Alun. Vit. 

30 

U 

24-tJ 

30-S 

Crys. Shel. 

x6 

V6 

X6.V6 

20-5 

Alun. Vit. 

1946 

K 

X946-N 

1950-K 

Alun. Vlt. 

1946 

K 

X936-L 

I9S0-J 

Alun. Vlt. 

24 

0 

x6-R 

24-O 

Alun. Vit. 

24 

Q 

34-R 

30-0 

Alun. Vlt. 

24 

Q 

x6-R 

S4rP 

Alun. Vit. 

13 

S 

lO-W 

x6-R 

Alun. Vlt. 

14 

R 

Z3-S 

x6-Q 

Alun. Vlt. 

24 

Q 

24^ 

36-0 

Alun. Vlt. 

24 

R 

I6-S 

24 hQ 
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Work and 
Operation 


Abrasive zet Selection Coarsest Finest 
k Process Grain-Grade Hardest Softest 


Snagging (Swing Frame) 
Snag|dng (Floor Stand) 
StedUnardened) 

Cylindrical 

Surfacing (Cups and Cyls.) 
Surfacing fetral^t Wheels} 
Cutting-OT 

Internal 

Steal (Soft) 

Cylindrical 

Surfacing (Cups and Cyls.) 
Surfacing feinlght Wh^} 


Cuttlng-off 

Internal Grinding 
Steel(Hlghr 
Surfacing (^km ( 



Alun.^nt. 

Alun. Vlt. 

Alun. Vlt. 
Alum Vlt. 
Alun. Sll. 
Alum Vlt. 
Aliim Bak. 
Alum Shel. 
Alun. Vlt. 
Alun. Vlt. 

Alun. Vlt. 
Alum Vlt. 
Alun. Vlt. 
Alun. Vit. 
Alun. Kub. 
Alun. Bak. 
Alum Vlt. 


Internal 

Stellite 


Snftgj fftig 

Cuttlng-off 

Offhand Tool (Grinding 
Stone (Artlfidal) 

Snrfaong 

Grooving 

Stove Parta’(Cast Iron) 

^ U^"y d Mounting 

Grinding Out Cover Holea 
Surfacing Tops Automatic 
Maaiine 


Tape 
Squaring ends 
Grinding relief 
Fluting 

• Threading 

Shanks (Cylindrical) 
Tlifeada--See ‘'Gages** 

Cutting^ 

ToOle Olathe and Planer) 
light (Offhand) 

Heavy (Offhand) 

Using Large Wheels 
Automatic (Cup Wheel) 
Automatlc(StraigbtWh^ 
Tobea (Ste^ 

Chittlng-w ^ 

Tungsten Rods 
Cuttlng-off 


R 

I4^U 

0 

14-T 

K 

38a4C-L 

194MC 

G 

3824-1 

H 

3830-j 

4 

46-4 

J 

38^1: 

DL 

46-DN 

M 

Ic 

a4C.N 

46.N 

3816-K 

3824-L 

R8 

30-R8 

A 




3830 

3836 

46 


3816 
3836 
36 

384 A L 383^N 


I«-Q 

so*P 

3894C-I 

» 
3846-H 
60.3 
60-4 
3860-H 
, 6O.DJ 

a4C-L 

4d-L 

4^5 

3846-K 


Alum SlL 

3846 G 

3830-H 

3830-1 

40-S 

3860-G 

Alum A^t. 
Alum Shd. 

3846 G 

00 4 

3846-G 

00-4 

Alum Bak. 
Alun. Vit. 

384b J 

38^1; 

60-3 

3860-H 

Alun. Sll. 

3846 G 

3836-G 

3860-G 

Alum Vlt. 

3846 G 

3830-1 

3846-G 

Alum Vlt. 

30 0 

Si 

Si 

Alum SheL 
Alun. Vit. 

^ If 

Crys. Vit. 

<♦? t 

40-L 

36-S: 

0^ Rnb. 

36 R8 

36-RS 

36-R7 

(^rya. Vlt. 

24 s 

24-U 

30-S 

CryB.m 

30 S 



Alun. Rub. 

24 M 

24-0 

30-S 

Crys. Vit. 

30 U 

(hys. Vlt. 
Crys. Vit. 

36 P 

80 P 

ss 

36-P 

80-P 

Alum Vlt. 

60 N 

46-p 

60-M 

Alum Vlt. 

do N 

46-P 

60-M 

Alum Bak. 
Alum Rub. 

46 9 


60-7 

7O-R8 

38XF-K 

Alum Vlt. 

38x50 L 
3880 L 

38Z2O-M 

Alum Vlt. 

384^N 

3880-R 

Crys. Shd. 

36 5 

3O-V6 

46-5 

Alum W. 

4^ N 

46-P 

60-L 

Alum Vlt. 

30 0 

24-P 

3O-O 

Alun. 1^. 

34 P 

Alum Vlt. 

*4 k 

a4-N 

30-L 

Abim Sll. 

40 M 

Alum Rub. 

36 R8 

36-R8 

6O-R8 


Altuu Rnb. 


90 Ro 
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Work and 

Abrasive 

istSdecUon 

Coarsest 

I^est 

Operation 

& Process 

Grain-Grade 

Hardest 

Softest 

Valvea (Automobile) 

Grinding Seats 

Alum Vlt. 

6o 

N 

60-O 

80-M 

Cylindrical QdwAjQ Stems 

Alun. Vlt. 

46 

M 


Valve Tappets 

Cyllndncal 

Welds 

A]un.\^t. 
AluiL Vlt. 

46 

L 

46.M 

1946-M 

60-L 

Z946-L 

Cleaning 

Worms 

Alum Vlt. 

a4 

Q 

30 -S 

36-Q 

Grinding Threads 
Wrenches 

Alun. Wt. 

3836 

K 

3824-M 

3836 -B: 

Surfacing 

Wrought Iron 

Alum V!L 
Alum VIC 

34 

34 

3 

t6-R 

ao-0 


Snainlntf 

Alun. VIC 

30 

R 

16-Q 



The following general suggestions for the selection of rubber- 
bond wheels for various purposes was compiled by the New York 
Belting & Packing Co.: 


Class of work Grain 

Agricultural implements 12 to 80 

Aluminum castings 24 to 46 

Auger bits 46 to 70 

Gar wheels, cast iron 12 to 24 

Gar wheels, chilled 12 to 24 

Iron castings, small 20 to 86 

Iron castings (large) 16 to 24 

Chilled iron castings (small) 24 to 86 

Chilled iron castings (large) 20 to SO 

Chitlery 86 to 100 

Dies, chilled iron 24 to 36 

Dies, steel 80 to 60 

Drop forgings 16 to 86 

Edge tools 86 to 70 

Hammers, cast steel 20 to 36 

Hollow-ware 24 to 46 

Malleable iron castings (large) 8 to 20 

Malleable iron castings (small) 16 to 30 

Plows, cast iron parts 12 to 24 

Plows, wrought iron parts 16 to 80 

Plows, steel parts 16 to 30 

Plows, chilled iron parts . 12 to 24 

Reamers 36 to 60 

Rolls, cast iron, roughing 12 to 24 

Rolls, cast iron, finishing 54 to 60 

Rolls, chilled iron, roughing 16 to 36 

Rolls, chilled iron, finishing . . . 46 to 70 

Rubber, hard 30 to 60 

Steel, mild 16 to 36 

Steel, hardening 24 to 46 

Steel castings (large) 8 to 16 

Steel castings (small) 12 to 80 

Structural steel 16 to 30 

Stove castings 12 to 80 

Twist drills . 86 to 70 

Wrought iron 16 to 80 

Woodworking tools 36 to 60 
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Shaving Machinii 

In grinding wheel manufacturing parlance, a shaving ma- 
is a modified form of potter’s lathe on whidi grinding 
wheels are faced and bored. The wheel in the green state is 
located on a revolving table and the cutting tool is set in a 
holder that is mounted on a head which traverses over a cross 
rail. The head is adjustable so that straight or angular shapes 
can be shaved. The work is rotated by power but the down 
feed and the traversing movement are controlled by hand oper- 
ated means. 

SkhiiBt Wheels 

A name applied to special wheels used on a hollow ware 
grinding machine for finishing the insides of skillets or fry- 
ing pans. Two popular types are shown below. 

The wheel at the left is mounted on the end of an arbor in 
the usual way. In use one of the face angles is employed so 



TWO TXPBS OF SFXOIAL WHEBLB FOB FENIBBma BKlLIiHITS 


that the wheel sides are at an angle of 46 degrees with the 
work. The wheel at the right is held in place by a key and 
a special screw that fits the countersunk depression. 

Special Wheels 

Any grinding wheel that differs from the grinding wheel 
maker’s standards is termed a special wheel. Thus a wheel 
12 inches in diameter, 1 inch face, 6-inch hole, is a regular 
or standard shape wheel as it fits a Brown & Sharpe grinding 
machine and is carried in stock regularly by grinding wheel 
manufacturers. Assume, however, that su^ a wheel is ordered 
with a 4 6/16-inch hole. Such a wheel would be a special shape 
as it would have to be made up on a special order. When a 
grinding machine manufacturer designs a new machine with 
wheels different in size and shape from existing specifications, 
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such wheels are special until they are recognized as standards. 

Too much emphasis cannot 1 m laid on the fact that grind- 
ing wheel consummns should endeavor to use standard equip- 
ment whenever possible. Some years ago, grinding wheel manu- 
facturers were eager to make up wheels of special types in 
an attempt to gain new business. This practice, however, was 
much overdone. The grinding wheel salesman would some- 
times convince the prospective customer that his work was of 
a different nature than any he heretofore had seen and timt 
it was necessary to make up wheels of a special miasture. Today, 
however, grinding wheel manufacturers have come to realize 
that such a procedure is costly and confusing and in the present 
era of standardization the use of special wheels is being dis- 
couraged when possible. 

In the design of new grinding machines, the manufacturer 
will do well to consult grinding wheel catalogs to see if it is not 
possible to use existing shapes instead of creating something 
new. Such a procedure is economical in the long run. 

Stobagb of Gbinding Wheels 

Upon receipt, all grinding wheels should be inspected to 
make sure that they have not been injured in transit. Then 
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they should be stored in a dean, dry place. The wheels should 
be set on edge in racks, although sheUac or rubber wheels less 
tliftTi ^.inch thick should be stored in piles to prevent warping. 
Small wheels, such as those used for internal grinding, can be 
kept in boxes or they can be strung on a wire. Both methods 
are used with good results. 

The accompanying illustration shows a wheel storage rack 
designed by the Fredsion Grinding Whed Co., Inc. While any 
kind of wood can be used in its construction, yellow pine is said 
to be preferable. The illustration is self-explanatory, as all the 
prindpal working dimensions are given. Such a rack can be 
made in any desired length. 

Testing Wheels Fob Effioienoy 

The effidency of a grinding whed depends on the cost of 
removing a given amount of metal in a stated time. Hard 
wheels are durable, but they cut slowly. Soft wheds cut 
rapidly, but they wear out prematurely. ITius a happy medium 
must be maintained. As far as grade influences efficiency it is 
a good plan to have the wheel just hard enough to require an 
occasional truing. The ideal wheel is one that wears away just 
enough to keep itsdf true. This condition, however, sddom 
is attained in everyday practice. The testing of grinding wheels 
for effidency is not a difficult procedure, once the underlying 
prindples are understood. Wheels used for rough grinding 
operations, such as snagging castings, can be tested readily 
where a run of work is had. Testing wheels on predsion grind- 
ing machines is a more difficult procedure as a number of vari- 
ables always are present. In general one of three methods 
can be followed in testing grinding wheels. They are as follows: 

1 — ^Use the wheel down to a stub and note how much metal 
Is ground away while in service. 

2 — ^Use the wheel for a definite amount of time and com- 
pute the grinding cost by adding the cost of abrasive to the 
labor and overhead. 

8 — Grind a large piece of work, such as a steel mill roll, 
and add the abrasive cost to the labor and overhead cost. 

In testing a wheel by the first method, the following factors 
must be given consideration: Wheel cost, payroll or labor cost, 
overhead, total cost, pounds of metal removed, and the cost per 
pound. This might work out as follows: 
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"Wlieel coat $2L., 

Labor coat, 80 hours 40.0» 

Overhead, 80 hours 40.0( 

Total cost 102.00 

Pounds of metal removed 660 

Cost of removing a pound | 0.19 

Let it be assumed that a more expensive wheel was tested. 
In this case the result might be as follows: 

Wheel cost $80.00 

Labor cost, 60 hours 26.00 

Overhead, 60 hours 26.00 

Total cost 80.00 

Pounds of metal removed 476 

Cost of removing a pound ...i. $ 0.168 


Thus it is shown that some startling results are found in 
practical wheel tests. In this case the wheel that cost the 
most money reduced the actual grinding cost from 19 to less 
than 17 cents per pound. 

In conducting a test by the second method the foregoing 
factors are used. In this case, however, the wheel cost is com- 
puted by weighing the wheel before and after use and com- 
puting the cost of the abrasive material used. This method is 
a handy one as it is not necessary to use the wheel up com- 
pletely to carry out the test. 

In carrying out a test by the third method, let it be as- 
sumed that a chilled iron roll 20 8/16 inches in diameter and 
28 inches long was ground in four hours, removing 221 cubic 
inches of material. By computing the wheel wear the abrasive 
cost is ascertained, liiis added to the labor and overhead cost 
gives the total grinding cost. 

In specific instances, the actual life of the wheel only is 
considered in an eflSciency test. For example, in grinding the 
sprues from malleable iron chain links, the parts are fed past 
the wheel automatically. As the wheel and feed speeds are not 
changed the wheel that lasts the longest is the most efiScient 
one. Again, the wheel used for sharpening leather splitting 
knives and leather shaving knives are tested for efficiency by 
noting how long they last, provided, of course, they cut satis- 
factorily the meanwhile. 

In testing wheels for precision operations, more details 
are involved. This is especially true of cylindrical grinding as 
a number of variables must be considered in nearly every case. 
In many operations the cost of abrasive seems excessive. For 
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example, not many years ago it was customary to grind auto- 
motive engine crankshafts from the rough forgings, but with 
present-day production costs brought about by the war it is 
now thought to be a more economical procedure to turn the 
shafts first in special shaft lathes. This is common practice 
today. Data on wheel grinding costs varies from time to time 
and from shop to shop. As time goes on abrasive practices 
are bound to be more standardized than they are at present, 
so that accurate cost figures can be obtained more readily. It 
is difBcult in many instances to obtain definite data as to the 
time that should be taken in carrying out a given grinding oper- 
ation with given feeds and speeds, grits and grades. The 
wheel and work speeds often must be altered to obtain the 
necessary finish. What does in one shop will not answer in 
another. If it were possible to tell the grinding machine opera- 
tor just what wheel to use, what grit and grade, wheel speed, 
work speed and traverse feed to employ, any cylindrical grind- 
ing job would be simple as far as testing wheels for efficiency 
is concerned. One wheel might be the base of an experiment 
and data computed on its performance for future reference. 
In using the next wheel of ^ same make, grit and grade the 
work speed might have to be altered to make the wheel cut 
properly. Again, as the wheel wears away its arc of contact 
becomes less and this injects a new factor into the test which 
may set the other data at naught. From the foregoing it is 
apparent that exact rules have yet to be formulated for testing 
wheels on cylindrical grinding machines for efficiency. Today, 
however, it is possible to arrive at very close approximations. 

Testing Wheels Fob Safety ^ 

Many years ago the opinion was freely held that grinding 
wheels, or emery wheels as they then were termed, were very 
liable to burst. In the manufacture of present-day grinding 
wheels, however, every precaution is taken to make sure that 
none but sound wheels are shipped. In the average grinding 
wheel manufacturing plant, all wheels of six inches in diameter 
and over are given a speed test which consists of mounting them 
on a spindle enclosed in a stout oak box, and running them at 
nearly twice the recommended speed. This proves a factor 
of Sleety of at least 2^. The testing machines are equipped 
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with revolution counters so that the tester can note at all times 
the wheel speed. 

A record of all tests is kept and the tester takes an oath 
daily before a notary public to the effect that all tests were pre> 
performed as recorded. None but careful and conscientious 
men are employed as testers and they proceed about their work 
with a certain amount of deliberation that precludes mistakes. 

Wear of Gbimdimg Wheels 

In comparing the amount of metal removed to a given 
amount of abrasive material consumed, the nature of the work 
and the kind of abrasive used are governing factors. In gen- 
eral grinding and snagging one cubic inch of abrasive should 
remove from 20 to 26 cubic inches of metal. In cylindrical 
grinding, records made for this purpose show proportions rang- 
ing all the way from one cubic inch of wheel wear to four cubic 
inches of material removed to one cubic inch of wheel wear to 
20 indies of material removed. The former wear is excessive 
and somewhere near the latter is about right. In the opera- 
tion of its surface grinding machines, the Pratt & Whitney 
Co. state that a whed in the correct grade should show a wear 
of from eight to 15 per cent of the amount of material removed. 

In checking up wheels to ascertain the amount of wheel 
wear compared with the weight of the material removed the 
following methods can be used: 

In ordinary rough grinding operations, first measure the 
wheel carefully and then operate it for a period of a day or 
two, the meanwhile weighing the castings before and after 
grinding to ascertain the amount of metal removed. At the 
end of the test measure the wheel again and compute the cubical 
contents that have been worn away. This is done as follows: 

When the test is started the wheel can be considered as a 
cylinder and its volume or contents in cubic inches found by 
f^t finding the area of one side in square inches and multiply 
this by the thickness. Example, assume that the wheel is 24 
inches in diameter and two inches thick — ^what is its volume 
in cubic inches? 

To find the area multiply the square of the diameter by 
.7864. The square of the ^ameter is 24 x 24 or 676, whidi 
multiplied by .7864 gives 468.8904 inches as the area of the 
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wheel. Multiply this by the thichnesa of the whed, 2 inches, 
and we get 906.7808 cubic inches as the volume of the wheel. 

Assume that the wheel was used for two days and that 
in lhat time it was worn to a diameter of 23 inches. The 
contents of a wheel- 23 inches in diameter and 2 inches thick 
is 830.9532 cubic inches. Subtracting this from 904.7808, the 
volume of the whed when new, the wheel wear in round num- 
bers is 74 cubic inches. Assume further that during the two 
days ihe wheel ground away 460 pounds of material, say cast 
iron. According to Kent, a cubic inch of cast iron weighs 0.2604 
pounds and dividing 460 by .2604 it is found that the 460 
pounds of material equal 1766 cubic inches. 

In cylindrical grinding operations the wheel wear is ascer- 
tained by the method above described. Since the work is (^1- 
indrical also, the amount of metal removed is ascertained by 
measuring the amount removed on the diameter and then sub- 
tracting the cubical contents of the work as a cylinder from its 
volume when new. 

The Pratt & Whitney Co. give the following method for 
computing wheel wear on surface grinding machines: 

The work is placed on the magnetic chuck and the wheel 
is fed down a definite amount as the work passes under it. Th e n 
the work is removed from the chuck and is calipered with a 
micrometer. The difference between this reading and one 
taken before the piece was groimd gives the amount of TWPta i 
removed. The proportion of wear is ascertained by compar- 
ing the amount of metal removed with the amount the wheel 
is fed down during the operation, as shown by the micrometer 
dial on the feeding arrangement. For example, with a wheel 
feed of 0.4 inch the work should be reduced by 0.034 to 0.0386 
inch if the wheel wear is from eight to 16 per cent of the amount 
of metal removed. 

At the plant of one large producer of steel castings it was 
estimated that two to three cents worth of abrasive material 
was necessary to remove a pound of metal. In the case of wheels 
18 inches in diameter x 8-inch face the wheels removed from 
860 to 460 pounds of metal before they outlived their use- 
fulness. 

In the process of grinding the large chilled iron rolls used 
in steel mills it was shown by careful tests that 167 cubic i nche s 
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of wheel material removed 1802 cubic inches of 
another test 113 cubic inches of wheel material 
cubic inches of stock. 

Weights of Grinding Wheels 
Frequently it is desirable to know the weights of grinding 
wheels of given sizes. To obtain the weight of a vitrified wheel 
made of an alumina abrasive — square its diameter, multiply by 
its thickness and divide by 15. To figure the weight of a car- 
bide-of-silcon wheel substract 7 per cent from the answer 
derived from the foregoing. To obtain the weight of silicate 
and elastic wheels use the foregoing formula and add 20 per 
cent to the result. The following table of wheel weights (vitri- 
fied) was compiled by the Abrasive Co.: 


Thickness in inches 

Wheel 11%2 2V&84 

diam., in. 

8 0.14 0.22 0.27 0.40 0.B6 0.86 1.14 1.40 1.70 

4. 0.26 0.88 0.60 0.76 1.00 1.60 2.00 2.60 8.00 4.00 

6 0.88 0.66 0.70 0.90 1.48 2.80 8.10 8.86 4.66 6.20 

6 0.68 0.88 1.17 1.76 2.80 8.44 4.60 6.76 6.90 9.40 

7. 0.80 1J86 1.66 2.60 8.86 6.10 7.20 8.86 10.00 18.00 

8 1.08 1.67 2.26 8.86 4.40 6.70 8.90 11.00 18.00 17.00 

9 1.88 1.90 2.66 4.00 6.80 7.90 11.00 18.00 16.00 21.00 

10 1.66 2.70 8.40 6.00 6.80 9.86 14.00 17.00 22.00 27.00 

12 2.40 8.76 4.86 7.60 9.70 16.00 19.00 26.00 80.00 88.00 

14. 8.20 4.70 6.40 9.66 18.00 20.00 26.00 88.00 88.00 62.00 

16 6.12 8.16 12.00 17.00 26.00 8 400 48.00 51.00 68.00 

18. 11.00 16.00 22.00 88.00 44.00 66.00 66.00 87.00 

20 21.00 28.00 41.00 66.00 68.00 82.00 109.00 

22 88.00 49.00 66.00 82.00 98.00 181.00 

24 88.00 69.00 78.00 98.00 117.00 166.00 

26 69.00 92.00 116.00 188.00 184.00 

80 86.00 116.00 146.00 176.00 287.00 

86 127.00 177.00 221.00 266.00 864.00 


Wheel Operating Suggestions 

The Safety Grinding Wheel & Machine Co., Springfield, 0., 
gives the following suggestions for operating grinding wheels : 

A constant periphery speed should be maintained as nearly 
as possible as the wheel wears down; in other words, the speed 
of the wheel spindle should be increased as the diameter of the 
wheel is decreased by wear. Complaints are sometimes made 
that wheels appear softer as they wear towards the center. 
This is caused by the wheel becoming smaller in diameter, and 
with the same spindle speed the periphery speed is reduced, thus 
causing the wheel to wear away faster and appear softer though 
in reality such is not the case. 
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The increase of the speed as the wheel wears away can 
be accomplished by different methods, that is, variable speed 
couninrshafts, cone pulleys on the spindle of the grinder or by 
transferring the wheels from the first grinder to smaller ma- 
chines having higher speeds as the wheels wear down. This 
last system has decided advantages, and is highly recommended 
where there is sufficient grinding to warrant the use of more 
than one machine. These grinders should then have but one 
large pulley on the machine, whidi removes all the possibiliiy 
of starting up the new wheel, with full diameter at the highest 
speed. When the single pulley system is not employed, great 
qure should alwayo be taken to start up the new whed on 
the slow speed. 

If on some particular work the wheel does not operate 
satisfactorily it can often be made to do so by changing the 
speed. If it fills or glazes, a slower speed will sometimes give 
better results, while if the kernels are being loosened by the 
work, a slight increase in speed (is not already running at the 
limit surface speed prescribed for that particular size wheel) 
will usually prolong the life of the wheel, and improve its cut- 
ting qualities. 

When for auy reason a wheel does not give entire satis- 
faction, discontinue its use immediately, and advise us of the 
difficultr, giving the particulars as far as possible, so that 
it can be exchanged for one that will be better adapted for the 
work. Great care should be taken to keep the wheels perfectly 
true and in balance to obtain the best results boih as regards 
rapidity and accuraqr in grinding. It is therefore necessary, 
for the sake of economy, that a dresser by kept constantly at 
hand to dress up the wheels the moment they become the least 
bit out of true. Often the wheel is allowed to get so far out 
that a great amount is wasted in bringing it back to the proper 
condition. 

Never crowd a grinding wheel upon an arbor, and never 
mount wheels without fianges of some description. This warn- 
ing may seem to a great many unnecessary, but we find wheels 
running, held simply by a small nut, which is apt to allow 
the wheel to crawl, and when forced may break the wheel. 
When tightening spindle end nuts, care should be taken to 
tighten same only enough to hold the wheel firmly, otherwise 
the clamping strain is liable to damage the wheel. 
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The machine upon which the wheels m:e mounted should 
be heavy and strong, securely bolted to a Arm foundation, 
thereby Insuring safety and better results from the use of the 
wheels. E[eep the boxes well oiled, so that the arbor win not 
become overheated, and, by expanding, break the wheel. We 
often find wheels that are running on machines that are 
entirely too light, and with the spindle and bearings worn out. 
Under such conditions it is impossible to suggest a proper or 
reasonably safe speed. Remember, that the condition of the 
machine has much to do with the efficiency of the operator. 

Safely collars should always be used when possible. Both 
collars, whether straight or tapered, in contact with the wheels 
must be of the same diameter. It is not reasonable to expect 
that when a wheel has been furnished for a certain kind of 
work it will give as good results on other classes of work, so 
that too much ought not to be required of one grade of wheel; 
therefore, where the amount of grinding will warrant a variety 
of grades can profitably be employed, each carefully selected 
for its particular purpose. For instance, for grinding tools 
without drawing the temper requires a soft or medium grade of 
wheel, which would not be suitable for coarse, rough work, 
which would require a coarse grain and a harder grade. It is 
very necessary that the soft pads (paper, sheet rubber or 
leader), whidi are always shipped with the wheels, be used 
between the wheels and the collars. The rests for the work 
should always be kept in the best possible condition, and should 
be kept close to the wheel to keep the work from being caught, 
as this is one of the prevalent causes of grinding wheels break- 
ing. Work should not be forced against a cold wheel, but 
applied gradually, giving the wheel an opportunity to warm 
and thereby eliminate possible breakage. This applies to start- 
ing work in the morning in grinding rooms which are not 
heated in winter, and new wheels which have been stored in 
a cold place. The rest should never be adjusted while wheel 
is running. Work should never be bumped or jammed against 
the wheel, as this does not make the wheel cut faster, and 
only increases the danger to those around it. A regular straight 
wheel of any make should never be run more than 6600 feet 
per minute. 
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WEXEiL Speeds 

As a general rule, a grinding wheel is operated at a 
peripheral speed of 6000 feet per minute, but this rule is 
open to a number of exceptions. To obtain the peripheral 
speed of a grinding wheel, multiply its diameter in inches by 
the constant 8.1416 whidi will give the circumference in inches. 
Then divide this product by 12 to obtain idle wheel circum- 
ference in feet. Next multiply this result by the speed of the 
spindle in revolutions per minute which will give the peripheral 
travel in feet per minute. The following table of wheel cir- 
cumferences is handy in making these calculations: 


Diam. of 

Circnm.of 

Diam. of 

Circum. of 

Diam. of 

Circum. of 

wheel in 

wheel in 

wheel in 

wheel in 

wheel in 

wheel in 

inches 

feet 

inches 

feet 

inches 

feet 

1 

0^62 

21 

6.498 

41 

10.784 

2 

0.624 

22 

6.760 

42 

10.996 

8 

0.786 

28 

6.021 

43 

11.267 

4 


24 

6.288 

44 

11.619 

6 

1.809 

26 

6.546 

46 

11.781 

6 

1.671 

26 

6.807 

46 

12.048 

7 

1.883 

27 

7.069 

47 

12.806 

8 

2,094 

28 

7.880 

48 

12.666 

9 


29 

7.692 

49 

12.828 

10 

2.618 

80 

7,864 

60 

13.090 

11 

2.880 

81 

8.116 

61 

18.862 

12 

8.142 

82 

8.877 

62 

18.618 

18 

8.408 

88 

8.689 

68 

18.876 

14 

8.665 

84 

8.901 

64 

14187 

15 

8.927 

86 

9.168 

65 

14499 

10 

4189 

86 

9.426 

66 

14.661 

17 

4451 

87 

9.687 

67 

14923 

18 

4712 

88 

9.948 

68 

16.184 

10 

4974 

89 

10.210 

69 

16.446 

20 

6.286 

40 

10.472 

60 

16.708 


Grinding wheel speeds differ with the nature of the work, 
the type of machine, etc. The following data pertaining to 
whed speeds, while general in character, will prove of value: 


Surface speed, 

Application feet per minute 

Cylindrical grinding 6000 to 6500 

Snagglnff and general offhand grinding 4500 to 5500 

Wot tool grinding 8500 to 4500 

Shellac and rubber wheels 7000 to 12500 

Surface grinding, horizontal spindle machines 4000 to 6500 

Surface grinding, vertical spindle machines 4000 to 6000 

Ki^e finding 8000 to 4000 

grind^ 8600 to 4600 

Cutlery grmding. Hemming machines 2000 to 4200 
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The following table, compiled by the Manhattan Rubber 
Mfg. Go., gives peripheral speeds of grinding wheels in diame- 
ters from one to SO inches in surface speeds from 4000 to 
14,000 feet per minute: 


Diame- 

ter 


PERIPHERAL SPEED IN FEET PER MINUTE 
Circum- 
ference 

4,000 4,500 5,000 5,500 6,000 6,500 7,000 7,500 


inches 

feet 









1 

0.262 

15,297 

17,200 

19,099 

21,000 

22,918 

24,850 



2 

0.524 

7,639 

8,590 

9,549 

10,500 

11,459 

12,420 



3 

0.785 

5,093 

5,725 

6,366 

7,000 

7,639 

8,270 

.... 

. • • . 

4 

1.047 

3,820 

4,295 

4,775 

5,250 

5,730 

6,205 

.... 


5 

1.309 

3,056 

3,440 

3,820 

4,200 

4,584 

4,970 



6 

1.571 

2,566 

2,865 

3,183 

3,500 

3,820 

4,140 

4,450 

4,085 

7 

1.833 

2,183 

2,455 

2,728 

3,000 

3,274 

3,550 

3,813 

8 

2.094 

1,910 

2,150 

2,387 

2,635 

2,865 

3,100 

3,342 

3,581 

10 

2.618 

1,528 

1,720 

1,910 

2,100 

2,292 

2,485 

2,673 

2,865 

12 

3.142 

1,273 

1,453 

1,592 

1,750 

1,910 

2,070 

2,228 

2,387 

14 

3.665 

1,091 

1,228 

1,364 

1,500 

1,637 

1,773 

1,910 

2,047 

16 

4.189 

955 

1,075 

1,194 

1,314 

1,432 

1,552 

1,671 

1,790 

18 

4.712 

849 

957 

1,061 

1,167 

1,273 

1,380 

1,482 

1,590 

20 

5 236 

764 

860 

955 

1,050 

1,146 

1,214 

1,336 

1,431 

22 

5.760 

694 

782 

868 

952 

1,042 

1,128 

1,215 

1,302 

24 

6.283 

637 

716 

796. 

876 

955 

1,035 

1,114 

1,194 

26 

6 807 

586 

661 

733 

809 

879 

955 

1,028 

1,102 

28 

7 330 

546 

614 

683 

749 

819 

887 

955 

1,023 

30 

7.854 

509 

573 

637 

700 

764 

827 

891 

956 


PERIPHERAL SPEED IN FEET PER MINUTE 


Diame- Circum- 


ter 

ference 









14,000 



8,000 

8,500 

9,000 

9,500 

10,000 

11,000 

12,000 

13,000 




REVOLUTIONS PER MINUTE 




inches 

feet 










1... 

0.262 

.... 

• a a • 

• • a a 

.... 

.... 

.... 

.... 

.... 

.... 

2... 

0 524 

• • • • 

* • • a 

a a a a 

.... 

.... 

.... 

.... 

.... 

.... 

3. .. 

0.785 



a a a a 

• . . 

.... 

. . . 

.... 



4 .. 

1.047 



a a a 

... 

.... 


.... 

.... 


5... 

1.309 

• • • 

a a a 


. . . 

. . . 

.... 

. . . 


. . . 

6. , 

1.571 

■ a ■ a 



. . . 

.... 

. . . 

.... 

. , 

. 

7... 

1 833 

4,360 

a • a a 



.... 

. . . 


, . 


8... 

2.094 

3,821 

4,060 

4,366 

4,538 

. . . 

. . . 

. . 



10... 

2.618 

3,056 

3,247 

3,438 

3,728 

3,820 

4,202 

. , 

. , 

. . . 

12 .. 

3 142 

2,544 

2,705 

2,864 

3,024 

3,183 

3,501 

3,820 

4,137 

4,458 

14. .. 

3.665 

2,183 

2,320 

2,456 

2,592 

2,728 

3,000 

3,274 

3,547 

3,820 

16 .. 

4.189 

1,910 

2,029 

2,147 

2,270 

2,383 

2,632 

2,870 

3,110 

3,350 

18 . 

4 712 

1,695 

1,800 

1,907 

2,014 

2,120 

2,333 

2,548 

2,758 

2,970 

20 . 

5.236 

1,527 

1,624 

1,720 

1,814 

1,907 

2,100 

2,292 

2,488 

2,675 

22... 

5 760 

1,389 

1,476 

1,563 

1,650 

1,737 

1,910 

2,083 

2,256 

2,430 

24. . 

6.283 

1,273 

1,353 

1,432 

1,512 

1,592 

1,751 

1,910 

2,069 

2,228 

26... 

6.807 

1,175 

1,249 

1,322 

1,395 

1,469 

1,616 

1,763 

1,910 

2,058 

28.. 

7.330 

1,091 

1,159 

1,228 

1,296 

1,364 

1,500 

1,636 

1,773 

1,910 

30... 

7.854 

1,021 

1,086 

1,151 

1,216 

1,281 

1,412 

1,543 

1,674 

1,804 


866 



THE ABRASIVE HANDBOOK 


WHEEL Truing Peacotcb 

Grinding wheels are trued and dressed with several types 
of tools, such as star wheel dressers of the Huntington type, 
chilled iron cutters, conical dressers, diamonds, special steel 
tools and abrasive devices. The foregoing types of tools all 
are used in regular shop practice with the exception of the 
conical dresser, which device is confined principally to grind- 
ing wheel manufacturing. It embodies a revolving steel cone 
that looks not unlike a small cup wheel. In use the cutting 
edge is brought against the whed. 

Wheels for rough grinding are trued with star-wheel 
dressers generally, although the chilled-iron cutters are used 
on comi)aratively large wheels. These devices are mounted in 
holders so that they can be guided past the wheel face by 
hand as they are held on the work rest. Usually the rest is 
moved a slight distance from the wheel so that the two daws 
on the yoke that holds the cutters can be brought against the 
work rest to aid in exerting pressure and guiding the tool 
in a straight line. Star-wheel dressers also give good results 
in truing wheels in cylindrical and surface grinding machines. 
In the former instance they are used for preparing wheel 
faces for rough grinding operations only. Diamonds, steel 
tools an^^rasive devices are used principally for truing pre- 
cision V wheels, although diamonds mounted in hand 

holders lire employed for generating shaped wheels for various 
purposes. 

In dressing wheels for precision work on cylindrical grind- 
ers with star-wheel dressers, the device must be clamped in 
place firmly and fed past the wheel with a fairly rapid motion. 
The sole object is to tear out the dull grains, exposing sharp 
ones. This operation in common with other wheel truing 
operations should be performed wet. The depth of cut for each 
pass usually is about 0.006-inch and it also is a good plan to 
employ the automatic table feed for traversing the tool. 

In using wheel truing diamonds, great care must be exer- 
cised so that the stone will not be tom from its setting and 
lost A slow automatic feed and plenty of cooling solution 
should be used. The depth of cut should be light, not over 
0.001-inch. Several light cuts are better than a few heavy 
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ones. A stone should not be used until it is worn nearly 
down to the setting, and for this reason the Joyce-Koebel gage 
shown below is an excell^t device to employ. As the lllus< 
tration shows, the diamond is mounted in a special nib provided 
with a groove that fits the gage. As long as the gage cannot 
be passed over the stone, all is well. When the stone has 



OAGB FOB TBBTINa DIAHOMS WBAB 

worn to the extent of letting the gage pass over it, however, 
the nib should be turned in for resetting. 

Various mechanical devices are used exactly the some as 
a diamond. That is, they are mounted in holders and fed past 
the wheel automatically. These are of two kinds. One employs 
an abrasive wheel which is located at an angle and fed past 
the wheel, while the other is provided with a meta^' 'lUer. In 
both cases the wheel action causes the truing nent to 
rotate. Mention also should be made of the Mett dresser 
which is an abrasive wheel used mounted between t jlobular 
hftnHlaa- This device is used only for truing wheels for semi- 
precision operations. It is held by hand and fed past the wheel 
face at an angle. 

Chatter and waviness in appearance of a finished part of 
cylindrical work are usually caused either by the wheel spindle 
being loose in its bearings, the grinding wheel out of true or 
out of balance, or particles of the material ground having 
become embedded in the wheel, according to the Landis Tool 
Co. In a great majority of cases, however, the cause of imper- 
fect work is due to the wheel getting out of shape. It is im- 
portant that the face of the wheel should be perfectly paralld 
with the travel of the carriage, and in order to secure this 
condition, a diamond tool must be used near the point where 
the grln^ng wheel comes in contact with the work, and on 
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HTTjall work dose to the footstodc center. Where the work is 
not so small, say two inches in diameter, the truing device can 
be clamped at the most convenient point, and in either case, 
care should be ezerdsed so that the stud holding the diamond 
and the arm supporting same are held solidly against the 
work. If the truing device is not rigid, the grinding wheel will 
not be true. 

It will be observed that the stud, in which the diamond is 
mounted, can be revolved in its holder, and it is important that 
the diamond point presented to the wheel should be sharp, for 
instance, if the diamond should become worn and flattened, it 
should be turned in its holder, and thus present a new point 
to the wheel. Keeping the wheel true is one of the important 
points for the operator to observe, particularly so when he 
comes to make a final finish. The wheel should be traversed 
by the diamond rapidly until it is true; the traverse should 
then be slowed down to give the wheel its final finish. If it is 
desired to do rapid cutting when roughing, it will be found 
proper to pass the wheel by the diamond rapidly, thus making 
a rougher face on the wheel. 

The number of times the face of the grinding wheel has 
to be trued depends entirely on the character of work being 
finished and the kind of wheel used. There are some wheels 
that wear away rapidly enough so that little truing is neces- 
sary. There are also cases where a harder wheel is desirable, 
and a hard wheel necessarily requires more truing than a soft 
one. Where pieces are rather large and considerable stock has 
to be removed, it may be necessary to true the wheel each 
time a piece receives its finishing cut. 

As stated above, it is desirable, generally, to present a sharp 
point of the diamond to the wheel in truing, but there are times 
when the smooth surface is preferable, particularly when it 
comes to producing a very fine finish; the flat surface of the 
diamond will tend somewhat to glaze the wheel and thus 
produce a better finish. Great care should be taken ii^ 
handling wheels which are to be run at a high speed. They 
should be sound before mounting, and in order to determine 
this, hold the wheel and tap lightly with a hammer. If it does 
not give a clear ring, it is cracked and unsafe to use. Do not 
force the wheel on the center — ^it should fit close but not tight. 
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If the hole is too small, rub it with a piece of broken wheel 
or an old file, to make it larger. 

Wheels on surface grincfing machines, whether embodying 
blinder cup or regular wheds can be trued with diamonds, star 
wheel dressers or abrasive appliances. In each instance the 
device should be located in a special holder so that it can be 
hdd securely. Diamond nibs often are set in cast iron blocks 
which can be held readily on magnetic chu<^. The same is 
true of star whed dressers. Other devices are located in spe- 
dal holders. 

Wheels on intemd grinding machines should be dressed 
with diamond tools hdd in a holder provided for the purpose. 
The common practice, in some localities, of dressing these 
wheels with a fragment of a broken whed or with an abradve 
stick hdd by hand should be discouraged. An abrasive brick, 
hdd in a suitable holder, however, will give good results 
under some conditions. 

Wheels on saw gumming machines, small bench grinders, 
etc., can be dressed satisfactorily with Metcalf dressers. 

Grinding whed dressing, whether it be coarse wheels for 
rough grinding operations or wheels on precision grinding ma- 
chines of various types, should be performed by an experienced 
man. In many plants where a large number of wheels are used 
for such operations as snagging castings, general grinding, etc., 
one man is detailed to look after this work. In the fidd of pre- 
dsion grinding, however, each operator generally dresses his 
own whed, but in instances where any doubt arises as to the 
operator’s ability, the work should be done under the super- 
vision of the grinding foreman or the plant grinding engineer. 

Wm&WEB Wheels 

Wire webs can be used in silicate wheels only for the 
heat necessary to bake a vitrified whed would melt the web, 
which is brass. Wire webs could, of course, be incorporated 
in dastic wheels, but this never is necessary as the elastic 
bond in itself provides a substantial safety factor. It cannot 
be denied that the wire-web grinding wheel was an exceedingly 
valuable Invention, but in common with many improvements 
of other days, it is thought by some authorities to have outlived 
its usefulness, inasmuch as present-day grinding wheels are 
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made by more scientific methods than were in vogue in the 
early days of the industry. Today safety in grinding wheel 
operation is assured by mounting wheels between safety fianges 
or by operating them under adequate metal guards. 

A few purdiasing agents continue to specify wire-web 
wheels and any grinding wheel manufacturer can supply them. 
The author recalls the superintendent of a large manufactur- 
ing plant who some years ago insisted on using wire-web wheels 
of safely fiange shape. As a further assurance of safe oper- 
ating these wheel were used imder guards. Such extreme pre- 
cautions, however, are not necessary. 
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SECTION X 

HONING PRACnCE 

The term hone Is applied somewhat loosely to abrasive 
materials, both natural and manufactured, used for smoothing 
metallic surfaces. In present-day shop practice, however, hon- 
ing is gmierally understood to refer to the method of flivinTiiTig 
cylindrical surfaces, either external or internal, by means of 
abrasive stones which are termed hones. The process of finish- 
ing the bores of automotive engine cylinders with abrasive stones 
sometimes is called grinding. Following is a list of the sub- 
jects treated in this section, arranged in alphabetical order: 

PW 

OrsnlnliAft Honing 872 

Oyllnder Honlnv Pnetfca 877 

Hcmlns Larvtt Cylinder Boree — 880 
Qpeelnl Honing Operatloni 881 

T^pee of honee 882 
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HONING PRACTICE 
Crankshaft Honing 

The process of finishing crankshafts by honing to remove 
miimte marks left by the grinding wheel is a comparatively 
new development that is productive of excellent results. The 
Schraner crankshaft honing machine embodies means for locat- 
ing and rotating the shaft while the bearings are gripped 
with heads which carry six hones each. L. A. Becker supplied 
the following data on crankshaft honing: 

With the shaft in place in the machine and the honing 
heads on their respective bearings, the clutch is engaged which 
starts the shaft revolving. The shaft is driven by a lug in 
the headstock spindle, this lug being engaged by means of the 
headstock handle. The front end of the shaft is carried by 
a quick-acting tailstock with a live center. As the shaft revolves 
the platen on which are mounted the head and tailstocks, is 
given a reciprocating motion of %-inch. To allow for this, 
the honing stones are %-inch shorter than the length of the 
bearing on which they rest. Thus, by moving the shaft laterally 
as it revolves, an ideal honing condition is present and the pos- 
sibility of scratches and lines is eliminated. The amount of 
reciprocation can be controlled by adjustment so that the bear- 
ings cheeks can be honed. 

Each honing head carries a jet of kerosene which flushes 
each bearing continuously during the operation. Undamping 
the heads automatically shuts off the kerosene for unloading 
and loading, and reclamping starts the flow. The kerosene 
bath facilitates the honing by keeping the stones sharp and 
preventing their surface becoming glazed. The machine is 
provided with an automatic knockout which can be timed by 
minute intervals from to 30 minutes. The average time 
required by users is two minutes. 

A novel feature of the machine is a device which clamim 
all throw heads in the position they are left by the shaft when 
the machine stops. The operator can then open the heads and 
by turning the hand wheel the entire head assembly, which is 
carried on a slide, is lifted away from the shaft. This per- 
mits easy removal and reloading. The heads are then lowered 
by means of the hand wheel and since the new shaft is placed 
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in the machine with the throws in the same position as the 
one previously honed, the throw heads can thus be closed upon 
their bearings as quickly as the main bearing heads. An experi- 
enced operator will onload and load in about 20 seconds. Thus 
2^ minutes minutes floor to floor is a conservative average. 

The surface left by the grinding wheel, under a high 
powered glass, is shown to be an area of hills and valleys, the 
hills being ridges, and very sharp. A cross section presents 
itself as decidedly saw-toothed. However, should a carefully 
ground crankshaft, taken directly from the flnish grind, be 
assembled in a motor with sufficient bearing clearance and be 
very carefully run in, as it would surdy need to be, it would 
in time develop excellent bearing surfaces throughout. The 
grinding marks would have disappeared and the surface be- 
come very smooth. But when this condition was reached, 
the bearing clearance would have become excessive, due to 
wear both on the shaft and in the bearings in which it turned, 
in addition to the abnormal clearance required by the original 
surface. Any grinding errors, if present, would have further 
increased this clearance. This is an extreme example^ but it 
serves to illustrate a condition that can only be reduced in 
proportion to the quality of the bearing surface present when 
the motor is assembled. To put it in other words, the better 
the bearing cylinder as to surface and form, the closer can 
be the initial clearance and the more gradual will this clear- 
ance increase. 

The honed crankshaft presents bearing surfaces equally 
as good, or superior to those of a hand-polished shaft that has 
been carefully run in for a thousand miles or more. By hon- 
ing, the initial wear has been taken from the bearings before 
the shaft is placed in the motor. This removal of the Initial 
wear and the correcting of grinding errors is the very essence 
of honing. 

The process of honing evens the ground surface by level- 
ing off the ridges left by the wheel, and if carried far enough, 
will result in a very smooth, hard and brilliant surface at a 
level slightly below the bottom of the grinding marks. Lapping, 
as distinguished from honing, will likewise remove grinding 
marks, but being a different process, the final results are not 
what is to be desired. 
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It is well to compare the two processes of honing and 
lapping. Lapping is a method of finishing whereby a piece, 
usually of metal softer than the work to be lapped and machined 
to approximately the contour of the work, is used in connection 
with a fine abrasive grain or flour. This abrasive is usually in 
paste form and applied to the lapping block, or lap as it is 
called, with a swab. The lap is hdd against the work and the 
latter revolved and reciprocated. The lap becomes charged with 
a part of the abrasive, but during the operation, those particles 
of abrasive that have not charged the lap are free to roll 
between it and the work. This causes pit marks, which, though 
very minute, give the surface a dull and milky appearance. 
Likewise these free particles, rolling as they do, form a cushion 
between the lap and the work and tend to wear down tile low 
areas as well as the high, though to a lesser degree. This 
reduces the correcting tendency of the lap itsdf. The work 
leaves the operation more or less covered with the abrasive 
paste and great care must be taken that it is washed off thor- 
oughly, lest some remain to play havoc later on. 

Honing may be termed a modem method of lapping, using, 
as it does, bonded abrasive blocks or stones instead of a metal 
block charged with abrasive. The stones are arranged in hold- 
ers and are dressed to the contour by means of a diamond. The 
hone, which is an assembly of one or more stones in the holder, 
is held against the work as the latter revolves and reciprocates. 
During the operation, the work and the hone are flushed con- 
tinually, usually with kerosene. This both facilitates the honing 
by keeping the stones sharp and the work clean and does much 
toward preventing the stones becoming glazed. Honing is a 
much faster operation than lapping, as it removes more mate- 
rial in a given time. It also corrects to a greater degree and the 
quality of fiwiHh is far superior to that left by lapping. Eight 
elements, according to Mr. Becker, enter into the problem of 
honing a crankshaft; 

1 — Grade of stone. The bond must be of such type and 
hardness that it will allow the cutting grains to break away on 
becoming dull. 

2 — Grain of stone. Generally speaking, the finer the grain 
the higher the finish on the honed surfaces. More stock can 
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be removed ^th a coarse ffrain, however, and with very little 
sacrifice of finish. 

8 — ^Pressure. The pressure of the stone upon the work 
must be sufficient to keep the stone cutting until the bottom 
of the grinding marks is reached. Too little pressure will 
result in the glazing of stones, just as too light a cut will 
dull a turning tool. Too great pressure wears the stone away 
faster than the cutting particles lose their sharpness and 
makes the stones appear too soft. Since the shaft must recipro- 
cate as it revolves, the stones must be shorter than the bearings 
on which they are working. If the reciprocation is ^-inch, 
which is quite generally the case, the stones are that amount 
shorter than the bearings. Thus, the stone length varies with 
the bearing length and the pressure appUed must vary in pro- 
portion to the length of bearing in order to obtain approxi- 
mately the same amount of pressure per unit of areas through- 
out. Provision is made on the Schraner machine for quick 
and easy adjustment of this pressure. 

4 — Speed of work. In honing as in grinding, the work 
speed has a vary decided influence upon the finish of ihe sur- 
face, and upon the proper action of tiie stone. A stone that 
does not work well upon a given shaft at one speed, will give 
excellent results at another. 

6 — ^Time. Since honing is a finishing rather than a stock 
removing operation, it need not be carried beyond the point 
where a proper and satisfactory finish is reached With a fine 
stone it cannot be carried farther, as the stone ceases to cut and 
becomes glazed. The action of the hone is very fast at first, 
slowing up as the surface improves, because, as the work 
progresses, the nearer the bottom of the grinding marks is 
reached and the more surface is presented to the stones. Prob- 
ably 70 per cent of the desired result is accomplished in the 
first SO seconds and 90 per cent in the first minute. Quite 
naturally, the quality of the finish grind will greatly affect these 
figures. The Schraner machine is provided with an automatic 
knockout which can be set for any desired length of time. This 
allows one operator to run several machines. 

6 — ^Dressing of stones. This is of importance with new 
stones particularly, as it shapes them to the contour of the 
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bearinjT and gives them an initial sharpening. If grade and 
grain of stones are right, pressure properly adjusted, speed of 
work correct and tuning properly set, there is seldom cause 
to dress the stones but once as far as their action upon the 
work is concerned. Each shaft, as it is put into the maflbiwA, 
with its sharp ridges, resharpens the stones. Thus, there is a 
cycle whereby the ground surface prepares the stone and the 
stone removes the ground surface, becoming somewhat dull in 
so doing, only to be resharpened by the next ground surface 
to be removed. However, if a grinding error is consistent on 
one or more bearings, it will gradually affect the stones work- 
ing tiiereon and their correcting action be reduced. For that 
reason it is well to redress the stones at least once a day. 
This trues them and directs attention to any grinding error 
that may have developed as the redressed stones will imme- 
diately reveal it upon inspecting the first shaft. A stone dress- 
ing machine is provided for this purpose, using a diamond, 
and extra stone holders allow keeping one set of hones always 
dressed and in readiness so that little or no time is lost by the 
operator. 

7 — ^Flushing of work. The work must be flushed continu- 
ously during the operation. This aids in keeping the stones 
sharp and in preventing their glazing. Kerosene is an excellent 
wash, though a mixture of kerosene and lard oil in the correct 
proportion is even better. A sump is provided in ilie machine 
and the wash directed to each bearing. It automatically shuts 
off while unloading and loading. Being thoroughly strained 
and cascaded, it reaches the bearings perfectly clean. Due to 
this wash, the shaft is very clean as it leaves the machine. 

8— Reciprocation. The work should reciprocate as it re- 
volves to increase the shearing action of the stones and to 
preclude any possibility of their becoming grooved or of lines 
developing on the surface of the work. This reciprocation is 
so adjusted that the stones make contact with the cheeks of the 
bearings at each end of the stroke. The amount of recipro- 
cation can be readily adjusted. 

As stated before, the purpose of honing is to remove the 
initial wear that is left in an inferior surface and to give a 
perfect form to the bearing. By properly controlling the above 
elements of honing, this can be accomplished with the utmost 
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uniformlly of results in all shafts, and since all bearings, both 
main and throw, are honed at once, the operation is done at a 
great saving of time over the old method. Thus we have the 
old story of a machine doing work better and faster than can 
be done by hand. 


Cylendeb Honing Pbactice 

The American Machinist gives the following facts regard- 
ing cylinder honing at the plant of the Chandler Motor Car Co. : 

llie hones are carbide of silicon, 60 grit, and are set in 
holders with flat springs back of them. They are driven through 
a flexible joint rotated at 11 revolutions per minute. They work 
back and forth through the bore at 122 strokes per minute. It 
has been found best to have the hones extend an equal distance 
through the bore at each end of the stroke. 

The hones are flooded with a mixture of kerosene and 
paraflSne oil, in the ratio of 15 to 1. The parafiSne is added sold^ 
because it is easier on the hands of the operator. A powerful 
magnet is placed at the end of the return pipe to the oil tank to 
catch the steel particles cut away by the hones. Hones are 
sometimes glazed very quickly but the glaze is readily removed 
by carefully rubbing a piece of abrasive wheel or blodk on ihe 
surface. Removing the glaze makes it possible to hone from 
200 to 250 holes before truing the hones with the diamond. 
When truing becomes necessary, the hone blocks are locked in 
position on the heads and soaked in kerosene for several hours. 
They are then put in a lathe and trued with a diamond. After 
soaking in kerosene they cut very readily and wear the diamond 
very little. 

As evidence that there are high spots left by the grind- 
ing wheel that are removed by the hones, the effect on the size 
of the bore is cited by honing advocates. The hones will remove 
0.001-inch from the bore of an average cylinder in about 1 
minute. But the next minute or two they will remove very 
little. The mathematical shark might say the increase in the 
amount removed is inversely as the square of the time. In 
other words, doubling the time after the first minute, results 
in very little metal being removed. The practice is to run the 
hones two minutes by a stop watdi and the results are said to 
be remarkably uniform. 
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The allowance for grinding is from 0.006 to 0.007>indL If 
tile qrlinders are reamed, it is customary to allow from 0.012 
to 0.016-inch for the reamer to bite into, rather than attempt 
to scrape out half this amount. 

At the plant of the Oakland Motor Gar Go. cylinder blodcs 
are bored, reamed and honed. About 0.016-inch is left for ream- 
ing and 0.00016-inch for honing. The block is located under a 
6-spindle machine improvised from a multiple drill. The hones 
are driven by flexible joints so that they follow the reamed holes 
which are 213/16 inches in diameter and 9 inches long. Eadi 
hone head carries flve carbide-of-silicon stones, 6 inches long 
and %-indi square, 180 grit. The hones are rotated at 140 
revolutions per minute and in passing down the bore they 
rotate nine times. They are lubricated with coal oiL Eighteen 
blocks or 108 bores are flnished per hour. 

At the plant of the Ghtysler Motor Gorp. cylinder bores are 
bored and reamed to within 0.004-in(fli of finish size and finished 
in two honing operations. A special machine adapted from a 
multiple drill is used. The hones are carbide of silicon, 60 grit 
for roughing, and 180 for finishing. The hone heads rotate 260 
revolutions per minute and reciprocate 40 times a minute. Goal 
oil is used to keep them cool. 

Exceptionally hard cylinder castings are incorporated in 
Lincoln motors, and it is felt that grinding is the most satis- 
factory way of obtaining the desired accuracy of flnished dimen- 
sion. Following this theory, cylinder bores are ground most 
carefully to the limits called for by the drawings. Then the 
cylinders are honed with practically no removal of metal. The 
purpose of the honing may be likened to the polishing opera- 
tion in optical work where a condition of molecular flow rather 
than the removal of any material pertains. The grinding marks 
are “flowed** into the Erection of the piston travel and in the 
process the bore is given practically a dead-smooth, homogeneous 
finish. Stones in the finishing tool are made as wide as pos- 
sible. Rotation of this tool can be considered only as indexing 
to insure complete treatment of the wall surfaced as the major 
portion of the stones* effect is produced by the vertical recipro- 
cation. 

At the Dodge plant, cylinder barrels pass through two 
boring operations followed by semifinish and finish reaming 
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operataons which leave about 0.0016-indh for the final operation. 
Particular attention is devoted to each of the prdiminary opera- 
tions in order to insure bores which are round and free from 
taper witiiin dose limits. As in the case of Lincoln bores in the 
final finishing operation, the head carrying wide abrasive stones 
is rotated only slightly and the finishing effect is produced 
almost entirely by their vertical redprocation. However in this 
case, an abrasive action which removes about 0.0016-inch occurs 
and it leaves the final finishing marks in a vertical direction. 
The abrasive heads are indexed 15 degrees on the down stroke 
of the tool in the cylinder barrd and the upward travd is in 
a straight line. 

In both the foregoing instances, the abrasive head '^floats’' 
and is centered by the bore. Therefore the condition of the 
bore at the beginning of the final operation has much to do with 
the possible benefits of this type of finishing. In fact, produc- 
tion engineers agree that with the proper abrasive head equip- 
ment, the factor which contributes most to the economy and 
excdlence of the operation is condition of the finish reamed 
bore, particularly as refers to uniform size and freedom from 
taper. 

On the operation of honing automotive engine cylinders, 
according to W. C. Hutto, experience has demonstrated that 
the stones should overrun the ends of the bore % to 1 inch 
and they should completely overrun the middle point of the 
bore. That is the outer end of each stone should cross the hori- 
zontal center of the bore on each stroke. This point is highly 
essential to the production of straight bores of uniform size 
and can be attained by varying either the length of stroke 
of the reciprocating table or the length of the grinder stones. 
However, in practically all cases involving passenger-car migines 
of ordin^ size, stones of 4-inch length will meet the situation. 

One of the drawbacks to the utmost success of honing oper- 
ations is the lack of power in existing equipment. For the cyl- 
inder of ordinary size, say 8 to inches diameter, the best 
results are obtained through operating the honing heads at 850 
revolutions and 75 reciprocation strokes per minute. With these 
speed characteristics, a superior finish will be obtained and the 
abrasive stones will wear satisfactorily with an almost com- 
plete elimination of glazing. 
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With abrasive stones of the correct grit and grade for 
iron of a given hardness, glazing can be charged to a slow 
operating speed. This is a condition much like that of chip 
clearance. When the speed is too low the abraded material 
piles up on the stones instead of being cut free. Another good 
result of the foregoing speeds of rotation and reciprocation is a 
finish mark pattern developed in which the interesting lines 
cross at almost right angles in a diamond-shape arrangement 
The diagonals of these diamonds are in the vertical and hori- 
zontal planes and the vertical angles are slightly smaller tTian 
the horizontal. 

The hone marks should be discemable but not prominent 
to insure the best commercial, or satin finish. Recentiy at the 
plant of a wdl known automobile manufacturing company a 
lot of 20 cylinders put through with a mirror finish which can 
be produced with practically the same ease as the commercial 
recommendation. In about two weeks time, the production 
department called back the blocks in question and canceled 
any further mirror finish as it was almost impossible to get 
rings to wear into a seal in these bores. The commercial or 
satin finish has been found to be one of the happy compromise 
which are so frequent in automotive production. At the end 
of the running in period, the cylinder shows no wear but a per- 
fection of finish and simultaneously, the rings have come to a 
satisfactory seat. 

It should be emphasized that in all honing operations kero- 
sene should be used as a lubricant or coolant and it should be 
supply in liberal volume. The selection of abrasive stones is 
governed by the hardness of the cylinder iron, the amount of 
stock to be removed, the character of finish desired and the 
speed of the operation as regards reciprocation and rotation. 
As a general rule, the hardness of the stones is inversely pro- 
portional to the hardness of the cylinder block casting. 

The usual finish allowance ranges from 0.001 to 0.0015 inch 
for one grinding operation which is being performed in many 
plants in less than one minute floor to floor time. At the plant 
of the Hupp Motor Car Gorp. a semiflnishing grinding opera- 
tion with rather coarse stones is followed. It is started with a 
flniab allowance of 0.003 indi, allowing a maximum of 0.005 
inch for the flnal satin finishing operation. 
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HONINQ LABGE OYLIMDEB BQRES 

Satisfactory results have been obtained by the Hutto Engi- 
neering Co. in finishing large bores by the honing process. In 
finiabl Tig a bore 64 inches long and 17V^ inches in diameter the 
limit of accuracy was O.OOl-inch. The apparatus employed is 
of the double end of tandem type, there being a set of six stones 
at each end of the central driving member of the grinder, the 
overall length of which is less than half the length of the bore. 
This provides for an overlapping of the stone travel. 

Before removing the stones from the bore, near the drive- 
end of which the grinder is always stopped, the adjusting screw 
is backed off, eliminating wall pressure on the stones. Thus 
they are withdrawn without leaving scratches on the bore sur- 
face. Occasionally it is necessary to dress the stones with the 
edge of a file or with a dressing stick in order to remove glaze 
or metallic particles. With an adequate flow of kerosene, care- 
ful adjustment of stones to keep them in close contact with 
cylinder bore wall while working, and as rapid reciprocation 
of grinding as may be consistent with the work being done, lit- 
tle trouble from glazing will be esperienced. 

Special Honing Operations 

The Titan Machine & Mfg. Co. has made considerable 
progress in adapting the honing process to difiicult work and 
also in finiabing large bores by honing. Small hones are used 
by this company for fi-niabing bronze bushings in pistons. The 
hone is said to give a much better finish than can be imparted 
with broaches or reamers. Square hones have been adapted for 
finiabiwg holes in hardened transmission gears. Special hones 
have been developed for finishing small holes in such parts as 
sewing TTiaf.biTiB connecting rods. These holes are less than 
^-inch in diameter. 

An oil pressure cylinder for a conveying machine was honed 
satisfactorily. This was a blind-end cylinder, 6 inches in diameter 
and 18 inches long. The material was cast iron. It was finished 
with a hone carrying four stones. The hole was bored to 
within 0.010-inch of the desired size and then reamed to 
within 0.002-inch of the finish size. Liners for Diesel engine 
cylinders also were honed readily. These parts were cast iron 
6 inches in diameter and ISVi inches long. About 0.006-inch 
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was removed by honing. The hones were six in number, 8 
indies long, 1 inch wide and ^ inch deep. These bores were 
finidied in five minutes eadL The hones were lubricated with 
kerosene. The Titan company also has achieved success in hon- 
ing blind-end cylinders for ^ apparatus. These cylinders are 
6% inches in diametm: and 15 inches long. 

Types of Homes 

Perhaps the most common form of hone is the type used for 
putting a fine edge on razors. In the strictest sense of the 
word, however, this abrasive medium is a sharpening stone and 
not a hone. Razor hones are made of various substances. The 
Belgian hone owes its cutting qualities to minute crystals of 
garnet. Razor hones also are made of carbide of silicon and 
aluminum oxide. The abrasive material used is in fine powder 
form, carefully washed and graded. These hones are made 
by the vitrified process. 

The hones used for finishing automobile cylinders are 
a form of sharpening stone, carefully made from selected mate- 
rial and graded as to hardness very accurately. They are car- 
bide of silicon in various fine grits. No. 180 being popular. In 
operation these hones are lubricated with coal oil. 

The term honing also is applied to the finishing of marble 
and other stone surfaces. The hones in this case are specially 
diaped blocks fitted into a revolving head, or holder. The 
hones used are carbide of silicon or artificial aluminum, gen- 
erally in FF grit and shellac bond. 

The so-called hone gangs are used in large quantities for 
smoothing down rough stuff in automobile body fiTiiahing . These 
hones are a varieiy of sandstone quarried principally at Floyds 
Knob, Ind., by the American Rubbing Stone Co. A hone gang 
is made up of a number of small blocks of this sandstone 
arranged in the form of a rectangle and bound together with 
a strip of doth wound around the outside. Thus when the 
device is hdd in the operator’s hand, it gives to conform to 
a slightly curved surface. Rotary hones, or oilstones, are used 
for putting fine edges on woodworking tools, scrapers, etc. 
These are very fine abrasive wheels or natural stones such as 
the Washita and Arkansas varieties. Rotary hones generally 
are operated at peripheral speeds ranging from 600 to 600 
feet per minute. They are lubricated with coal oil. 
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This section is devoted to data pertaining to various abra> 
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MISCELLANEOUS ABRASIVE DATA 
Abrasive Action 

The literal definition of abrasive action is to abrade or wear 
away; and while this definition may apply to some of the older 
abrasives, it does not apply equally weU to the modem abrasives 
which remove metal by a cuttinsr action. This is proven by 
w^rftTn^TliT 1 g the chips ground away by a modem wheel under 
a powerful microscope. It will be found that they resemble 
chips made by a metal turning or planing tool very closely. 
Abrasive action, today, is more of a cutting than an abrading 
operation. A modem grinding wheel does not abrade the work 
— ^it cuts it. However, as no word in the Engliidi language exists 
that defines the action of a grinding wheel correctly, the terms 
abrasive and abrasion will probably be used for many years 
to come. 

Abrasive Brake Shoes 

These appliances consist of railroad equipment brake shoes 
fitted with inserted abrasive blocks, usually aluminum oxide. 
The object is to keep the wheels tme by wearing them evenly. 
Such devices are said to show good results and to make it 
unnecessary in many instances to . dismantle rolling stock for 
the purpose of truing the wheels. Several types of abrasive 
brake shoes made by the Whed Truing Brake Shoe Go., are 
shown in Fig. 1. 

The cross-hatched portions represent nonabrasive and the 
other Hbftding abrasive compositions. The arrangement shown 
at A is used for grinding the inner part of the wheel tread next 
to the flange. The reverse of this arrangement is shown at B, 
this shoe being used for grinding the outside of the tread and 
the flange height. This tsrpe of shoe is used for truing tread- 
worn wheels. A popular type is shown at C. This is used for 
taking out flat spots. It does not act on the flange. A type 
of shoe for operating on the flange only is shown at D. The 
arrangement shown at E reduces the wheel diameter and re- 
moves flat spots. It operates on the flange and tread simul- 
taneously. When it is necessary to treat the outside of the 
iread only, the type, F, is used. The reverse of this arrange- 
ment is shown at G. This design is used for cutting down the 
flange and the part of the tread next to it. For operating on the 
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entire width of the tread and a part of the flange the shoe, H, 
is used. The arrangment shown at / is used for reducing 
the diameter of blind wheels or taking out flat spots. Blind 
wheels are made without flanges. They are used on some loco- 
motives. The shoe shown at J is for repairing tread-wom blind 
wheels. 

Abrasive brake shoes are not a cureall by any means and 
when wheels are badly worn it is recommended that they be 
turned or ground. However, when the treads of locomotive 
wheels have been worn to a depth of 6/32-inch (half ihe factor 
of safety limit) they can be trued readily by appljdng abrasive 
shoes. Those are used until the wheels have been ground true. 
Then they are taken off and the regular shoes substituted. 
When abrasive shoes are used properly, the wheels can be 
kept in service for their entire life without regrlnding. The 
shoes are used in every kind of service and on all except freight 
cars. Because freight cars are transferred from one line to 
another, the use of these shoes is impractical. If installed by 
one road they might be forgotten by another and the shoes 
then would do more damage than the good for which they are 
devised. 

Abbasive Engineerino 

While no engineering college gives the degree of "Abrasive 
Engineer,” such a profession is becoming to be recognized, 
due to the important part grinding an^ other abrasive processes 
are playing in present-day production methods. The fact re- 
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niAfaa that there are a large number of men who, to all Intents 
and purposes, are abrasive engineers. These men have made 
a life study of abrasive practices and their opinions are valued 
and favorably commented upon. Abrasive engineering can be 
called the practical application of abrasives to every-day pro- 
duction methods. The future for it is promising. 

Abrasivi: Specialties 

This term is applied loosely to a variety of abrasive prod- 
ucts such as sharpening stones, razor hones, razor strops, hand 
grinders, engravers’ points, knife sharpeners, valve grinding 
compounds, etc. Such articles are produced by a number of 
abrasive manufacturers vdth the object of making a complete 
line. This practice also enables the abrasive manufacturer to 
find a ready market for superfluous abrasive materials, particu- 
larly those in fine grains. 

Abrasive Tile 

This material consists generally of a ceramic or cement 
base with the upper surface impregnated with abrasive mate- 
rial in a predetermined amount. The amount to apply to a 
surface for a specific use has been adjusted to a nicety. Experi- 
ments have shown that too great an amount of abrasive mate- 
rial slows trafiic in densely crowded places such as walkwasrs 
leading to Underground railways, etc. Both alumina and carbide 
of silicon can be used in making abrasive tile. Nosings for 
stairs, treads, etc., sometimes are made of a special mixture 
that contains a large amount of abrasive. Another method 
consists of facing molds with abrasive so that when the casting 
for a stair tread for example, is poured in the mold, the upper 
surface will grip the abrasive material firmly. Abrasive tile is 
used extensively on stair treads, elevator fronts, walkways, 
ramps or, in fact, in any place where the danger of slipping 
most be prevented. 

Antifriction Beabingb 

Ball and roller bearings are employed to quite an extent in 
the spindles of grinding machines, both for precision and rough 
work. This practice has been extended to quite an extent dur- 
ing the past few years. Formerly it was thought that ball 
bearings were not ideal for this work on account of the single- 
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point contact. With certain types of equipment, at any rate, 
this has been proven to be a fallacy. Ball bearings are used in 
vertical spindle surface grinding machines, cylindrical grinders, 
disk grinders, side surfacers or ring wheel grinders, internal 
grinding spindles, floor stands, etc. Ball bearings must be kept 
free of dirt or they will wear out rapidly. The type of bear- 
ings used are not adjustable, like a bicycle bearing for example, 
so that wear cannot be taken up. However, as such bearings 
gmierally are contained in dust-proof housings they can be kept 
clean. In case of excessive wear they can be renewed at low 
cost. Taper roller bearings are used in the spindles of some 
grinding and polishing machines. They offer one advantage in 
that they can be adjusted to compensate for wear. 

Balancing Appliances 

The oldest form of balancing appliance is the so-called 
balancing ways, which are two metal surfaces set as nearly 
level as possible. The part to be balanced is placed on an 
arbor, which in tom is set on the ways. The heavy part of 
the object causes it to roll so that the heavy side rests down- 
ward. An improved form of balancing appliance is tiie so- 
called roller balancing stand. The balancing arbor is set on 
a pair of offset knife-edge rollers, which in turn rotate on ball 
bearings. These appliances are productive of accurate results 
as it is not necessary to level them accurately. 

The foregoing applies to static balance. Dynamic or run- 
fiing balance is a more sure guide for accuracy. Dynamic 
machines are of several types. One developed by the 
Norton Co. for balancing such parts of automobile crankshafts 
is equipped with two needles which vibrate when the rotating 
shaft is out of balance. When tibe shaft has been put in bal- 
ance, the needles remain stationary. 

Case of Gbinping Machines 

The first essential in the care of a grinding machine is to 
see that it is oiled at frequent intervals. In many large plans, 
where grinding machines are used continuously, a man is de- 
tailed to look after this work. All oilers, channels, feed tubes, 
etc., must be free of grit and dirt, otherwise the lubricant will 
not be delivered to the working surfaces. Ordinary machine 
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oil will sufSce for lubricating sliding surfaces, etc., but a high 
grade of special oil of light body should be used for a spindle 
lubrication. 

On precision grinding machines, the spindle boxes should 
be kept adjusted closely so that they will warm up while in 
operation. However, the journals should not be permitted to 
become hot enough to prohibit bearing the hand on them. In 
adjusting spindle boxes to compensate for wear, it is best to 
follow the directions supplied by the grinding machine maker. 
In any event, the work should be entrusted to an expert only. 

Grinding machines should be cleaned at frequent intervals, at 
least once a week. The practice of other days of allowing one- 
half an hour on Saturday for cleaning machinery certainly was 
productive of excellent results. In modem grinding rooms, how- 
ever, where a number of men are employed, it is good policy 
to leave the cleaning to men detailed for this work. 

An ordinary precision grinding machine, if it receives 
proper care, can be depended upon to operate for many years 
with minor repairs only. In time, however, natural wear will 
necessitate the fitting of new journal boxes and the rescraping 
of sliding surfaces. When it is necessary to refit the spindle 
boxes, the spindle journals should be reground and then lapped 
to remove the wheel marks. Sliding ways must be scraped to a 
master and then the two sliding surfaces scraped together. 
Economy is shown by employing the grinding machine manu- 
facturer’s service men on this work. Through long experi- 
ence they are capable of performing the work in a minimum 
amount of time. Again, they are machine tool men in the 
strictest sense of the word, while the men on the ordinary repair 
gang, while they may be skilled mechanics, often lack the neces- 
sary knowledge to repair precision grinding machines correctly 
and efficiently. 

Grinding machine centers should be reground at frequent 
intervals to make sure that they present a true 60 -degree angle. 
Otherwise accurate work cannot be assured. Where a number 
of precision grinding machines of one type are used, it is a 
good plan to keep extra centers in the tool crib so that the 
grinding machine operators can exchange worn ones for ones 
that have been reground. 

If a grinding machine is used intermittently, the cooling 
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solution should be wiped away from all finished surfaces and 
the machine rubbed with a piece of oily waste or a wiping 
cloth. If a machine is to be out of commission for any length 
of time it is a good plan to cover it with a tarpaulin to exclude 
dust. 

Gbinding and Polishing Exhaust Pbacticb 

The following data were supplied by H. W. Pfeffer of the 
American Blower Co. 

Air in motion in a duct system is influenced by velocity 
pressure; static pressure, sometimes called friction pressure; 
and total pressure, or total head; which is the sum of the 
velocity and static pressures. It is necessary therefore that 
these three pressures be defined clearly. 

Velocity pressure creates the flow of air. Static pressure 
is measured at right angles to the direction of flow and is 
required to overcome the resistance offered by the piping, etc., 
to the flow of air. Total pressure is the sum of the ti^o which 
creates the flow and overcomes the resistance' to the flow of 
air. Pressures usually are expressed in terms of inches in a 
water gage. For example, an imaginary system may require a 
velocity pressure of 1-ini^ water gage, and the resistance to 
the flow of air, or static pressure, is 2 inches water gage, thus 
making the total pressure at the fan 3 inches water gage. 

Expressing pressure in terms of ounces per square inch 
is still not uncommon but the practice is fast becoming obsolete, 
as the measurements usually are made with a water gage in 
inches and transferred to ounces per square inch. One'inch 
water gage pressure equals 0.677 ounce, or one ounce equals 
1.73 inches. The pressure ratings of exhaust fans are made 
on a basis of either total pressure or static pressure at the fan. 
Some manufacturers use total pressure as the basis of rating 
the fan air delivery, while others use the static pressure as a 
basis. This fact should be borne in mind when making com- 
parisons of fans manufactured by different companies. 

One of the most important considerations in p lanning an 
exhaust system for removing refuse is the design of the hoods 
to whi(h the piping is connected. The first consideration should 
be to close in as much as possible the source of dust. This 
TTiftVpH it possible to handle it with a minimum volume of air 
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and at the same time insures the maximum degree of effective- 
ness. It is obvious that the hood or enclosure must be designed 
so that it will not interfere with the efficiency of the workman 
or process. As an efficient system requires the handling of a 
miiiityniTn volume of air at the lowest iwssible velocily, care 
also should be exercised to catch the materials to be conveyed 
in the same direction that they naturally take when leaving 
their source. They can then be picked up with a current of 
air moving at a much lower velocity than would be needed 
otherwise. Fig. 2 shows a typical layout for an exhaust system. 

From actual practice, minimum duct velocities have been 
determined for handling various materials, and while it is not 



possible to lay down any inflexible rules, bdow are given 
velocities usually ample for a given class of work. 


Approzi- 
imatednct 
yelodtyi air 70 
degrees, Fahr., 
feet per minute 
2760 
8600 
4000 


4600 

6660 


6860 


Velocity 
presHure 
at hood, inches 
In water gage 

% 

1 


Glass of material handled 
Gases, fumes, and very light materials 
Gottorn wool, and similar materials 
Dust from shoe machinery, sawdust, dust 
from light polishing and buffing wheels 
Ordinary woodworking plant refuse, dust 
from heavy polislung and grinding 
2 Refuse from woodworking machinery 

taking heavy cuts at high speeds or 
cutting green or wet lumber 
2% Heaviest materials generally handled, 

such as sand, grain, etc. 

However, in some sections of the countiy it will be found 

that local and state ordinances specify the minimum velocity 


pressures. Figs. 3, 4 and 5 are various hood arrangements 
which have been found effective. Hood connections should 
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enter the m ai n suction duct at an angle not exceeding 45 degrees 
and they must incline in the direction of the air flow. Ends 
of the piping must not project into the main pipe, and the 
pipe should be made so that all laps in piping i)oint in the 
direction of air flow. All bends, turns or elbows in the hood 
connections or mains should have a radius in the throat of at 
least one and one-half times the diameter and preferably two 
times the diameter of the pipe. All connections should have a 
shut-off gate; bringing two hood connections into the main ex- 
actly opposite each other should be avoided. Wherever material 
is liable to accumulate in the main or branches, clean out con- 



nos. 8-4-5— XrjrJEOTlVlD DUST OOLLEGTINQ WBEEL HOODS 


nections should be provided. Hood connections and mains 
should be as short as possible and as free from bends as the 
work will permit so as to keep the friction low. The recom- 
mended sizes of hood connections are given below and from 
these the main pipe sizes can be determined by adding the 
area of each hood connection to obtain the area of the main. 


Wheel size, 
inches 
To 6 X 1 
7 to 16 z 2 
17 to 24 z 4 


Grinding 

3 

4 

5 


Having covered hood design, with its 


Buffing and 
polishing 

6 

6 


connections, and hav- 
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ii]£ covered the velocities required from which we obtain the 
volume of air to be handled and proportioned the mains from 
the areas and volumes handled by the various branch hood 
connections, we have now to determine the friction loss of the 
system from which the static pressure is obtained. It has 
been found by experiment that elbows or bends with a radius 
of approximately one and one-half times their diameter have a 
friction loss equal to a straight pipe with a length of six times 
its diameter. For example: A 24-inch elbow with a radius 
one and one-half times its diameter is equivalent to adding 12 
feet of 24-mch pipe. 

On straight piping, it is found that a pipe 40 times as 
long as its diameter causes a resistance to the flow or friction 
pressure equal to the velocity pressure existing in the pipe. 
For example: If we have a SO-inch diameter pipe with air 
traveling through it at a velocity of 4000 feet per minute 
corresponding to a velocity pressure of 1-inch water gage, we 
will find that for every 100 feet of straight pipe (which is 40 
times the diameter) the resistance will equal 1-inch. 

The chart in Fig. 6 is plotted so that friction loss in inches 
of water may be obtained for any diameter of pipe with any 
velocity of air in feet per minute. This is based on 100 feet 
of straight pipe. For example: we will take the before men- 
tioned pipe of 80 inches in diameter with 1-inch velocity 
pressure and 100 feet in length. We know from the foregoing 
that 1-inch velocity pressure equals 4000 feet per minute velocity 
and on referring to Fig. 6 we find the line nmning upward at 
an angle on the diameter of pipe side marked 80 inches. Follow 
this until we reach the line marked velocity 4000 feet per 
minute, carrying this horizontally across, we find that 20,000 
cubic feet of air per minute is flowing through it, or follow 
the vertical line downward, and we find that the friction in 
inches water gage is 1 inch. If the pipe is only 10 feet long, 
the friction is only 1/10 inch. Following are data on 90-degree 
elbows with various radii in the throat. In determining the 
static pressure required, the friction of the piping on the dis- 
charge side of the fan should also be added to that on the 
suction side, as this is additional work which the fan performs. 
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B&dluB of throat of elbow in diameten of pipe 

K ^ % 1 1% 2 2H 8 8% 4 4V& 6 6^ 

Number of diameters of straight pipe offering equivalent resistance. 

67.0 80.0 16.0 10.0 7.6 6.0 6.0 4.3 4.6 4.8 6.0 6.2 6.6 6.8 6.0 

The foregoing shows the frictional resistance of elbows of various radii 
in the throat of the elbow expressed in diameters of the pipe or elbow, the 
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reenlt being ezpneesed in tbe number of diameters of straight pipe offering 
an eqniraknt rwstanee as found in Fig. 6. 

An example will clearly illnstrate the facility with which the friction 
can be determined: Assume it is desired to discharge 40,000 cubic feet 
of air per minute through a duet 60 inches in diameter and 76 feet long. 
Find 40,000 cubic feet on right hand margba of the chart; follow horiiontal 
line across to the left until it intesects with diagonal line marked 60 inches: 
now follow down perpendicular line marked to bottom of chart, where will 
be found the friction in inches of water, which in this case amounts to 0.81 
inches per hundred feet of pipe. As the friction is in direct proportion to 
the len^, then for 76 feet the friction wUl be: 

0 jr X 76' 

= 0.2826^ 

IW 

Assuming again that there are two elbows in the above 60-indi pipe, 
one having a radius in the throat of the dbow equal to the diameter of 
the pipe, or 60-inch radius, while the other has a radius equal to two 
diameters, or 100 Inches. 

From the table above find below radius of one diameter, 10 diameters 
for length of equivalent straight pipe, and opposite radius of two diameters, 
6(r z 10 60 z 4.8 

4.8 diameters. Hence: = 41.66' and = 17.91'. The sum 

12 12 *^ 

of these amounts to 69.67 feet or say '60 feet of 60-inch pipe. Therefore, 
0.81 z 60' 

= 0.186 inches friction. Adding this to friction of straight pipe 

IW 

as already determined makes the total friction amount to 0.4186 indies. 

Table III can also be used for rectangular ducts by reducing the 
latter to round duets having the same frictional surface in the walls of the 
pipe, thus; 

4 a b 

d= 

2(a + b) 

a = width of a rectangular pipe in inches. 

b = depth of rectangular pipe in inches. 

d = diameter of round pipe in inches, in which the air is flowing at 
the same vdodty that will set up the same frictional resistance as the 
rectangular pipe. 

The diape of a rectangular pipe has a decided effect on the friction, 
for example: a 12-indi z 12-inch pipe offers the same friction as a 12rinch 
round pipe^ whereas a 24-inch x 6-mch pipe, tiiough having the same area 
as the 12-inch z 12-inch pipe, presents as much friction as a round pipe 
only 9.2 inches diameter. In other words, while the carrying capacity 
of the 24-inch x 6-inch pipe, as compared with a 9.2-inch round pipe, is 
more than double at a pven velocity — ^yet the frictional resistance to the 
flow of air is the same in either case. 

Following are a few convenidonal rules which are often of value: 

Inches water gage may be converted into ounces per square inch by 
multtelying by 0.68 or by dividing by 1,728. 

Friction for varying diameters of round pipes is inversdy proportional 
to the diameter at a given velocity. 

For rectangular pipes, the friction varies inversely as the square root 
of the area. 

Friction varies directly as the square of the volume at a constant 
temperature. 

Friction varies directly as the density of the air. 

The density of air v^es inversely as the absolute temperature. 

Absolute zero is assumed to be — 460 degrees Fahr. 
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There are many designs of collectors on the market It 
should be home in mind always that the collector should be 
propoirtioned to 'Qie size of the entering pipe. For convenience 
in estimating the resistance of collectors, it will be found that 
the pressure loss in a collector will rarely exceed the pressure 
corresponding to the vdodiy in the pipe entering the collector. 
It is freguoitly less, depending on the design. Bdow are given 
suggested gages of metal pipes for exhaust work: 


Diameter, inches 
T7p to 6 
6 to 8 
9 to 16 
16 to 24 
26 to 82 
Over 82 

Note— Joints must 


Gage of metal 
26 
24 
22 
20 
18 
16 

soldered air tight. 


The static pressure against which the fan operates is ob- 
tained by adding to the friction loss in the ducts the initial 
pressure loss where air enters the pipe coimections from the 
hood plus the pressure loss due to the collector. A dose esti- 
mate of the initial or entrance pressure loss may be obtained 
by taking 50 per cent of the velodty pressure at hood. The 
capadly of the fan in cubic feet per minute is obtained by 
multiplying the velodty of air in the main duct (in feet per 
minute) by the area of the duct in square feet. Fans for use 
in exhaust systems for polishing and grinding rooms must be 
of rugged construction, low power requiremmit and relativdy 
low speeds. 


Grinding and bufiOng whed systems should be kept sepa- 
rate because sparks from the grinding wheels may set fire to 
the lint and dust from the buffing wheds if both are carried 
through the same suction main. In large exhaust systems, it 
is often advisable to divide the machines to be cared for into 
convenient sections and take care of each section separatdy with 
a fan and collector. The material from the several collectors 
can discharge into the inlet of a separate exhauster which 
will carry the material over to the final collector, using less air 
and horsepower. Where any long distance blows are encoun- 
tered, it is good practice to split the distance in two and put in 
a boiMter fan, connecting the discharge of the first fan into the 
inlet of the booster. This will save power and keep the fan 
speeds down where such conditions are encountered. 
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STATES-LAW REQUIBEMBmS FOB DUST DISPOSAL 

The first point to consider in dust disposal is the state 
law, if any, which specifies the amount of suction necessary. 
No hard and fast rules have been established to determine 
what constitutes an effective dust exhaust sjrstem. In some 
states the law requirements are rigid, in other localities they 
are lenient. Ten states make special mention of the disixisal of 
grinding wheel dust. With the exception of the states of Dli- 
nois. New Jersey, Michigan, Ohio and Wisconsin, the laws re- 
quire only that dust is to be r^oved as far as practicable. 
Twenty-eight states and the District of Columbia have no spe- 
cial laws regarding dust disposal. According to the Wiscon- 
sin code, the suction in the hood connection must be sufficient 
to raise a column of water in a U-shaped tube five inches and 
the test must be made as follows: 

“A hole V^-inch in diameter must be made in the auction 
pipe approximately 12 inches from the connection to the hood. 
A rubber hose attached to the U-tube must be placed over the 
hole and the test made under these conditions. When the 
water in the U-tube stands at 0, the five-inch displacement is 
secured when the column of water rises 2V^ inches above 0 and 
the other column of water falls 2^ inches below 0.” 

According to the New Jersey code, sufficient suction must 
be maintained in eadi branch pipe to displace two inches of 
water in a U-tube. The New York code states that sufficient 
static suction shall be maintained in each branch pipe wiUiin 
one foot of the hood to produce a difference in level of at least 
two inches of water between the two sides of a U-tube. 

According to the United States Public Health service, a 
standard which depends solely on a suction head in the exhaust 
pipe is inadequate as a measure of the actual protection afforded 
the worker. The difference between the New York and the 
New Jersey standards of two inches and the Wisconsin standard 
of five inches indicate that the evidence on which even this 
imperfect standard has been based must be inconclusive. A 
more valuable standard from a sanitary viewpoint would be 
one based on the actual velocity of exhaust at the actual point 
of dust production instead of in the suction head in the duct 
bdow. The only standard that can be entirely satisfactory is 
one that deals directly with the actual condition of the air 
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itihaled by the worker. What we most rely on in the future 
is a standard that is based on the number and weight of dust 
particles actually contained in the air breathed by the worker. 

Grading of Abrasive Material 

After abrasive materials have been crushed it is neces- 
sary to grade them into specific sizes. This is accomplished 
by feeding the crushed abrasive onto a series of tilted recipro- 
cating screens, arranged end for end. The coarser screens are 
brass wire mesh, the finer, silk bolting cloth. As the abrasive 
passes over the scremis it falls through openings into bins. 
Thus it is graded into standard sizes such as No. 6, 8, 10, 12, 14, 
16, 20, 24, 30, 86, 46, 64, 60, 70. 80, 90, 100, 120, 150, 180, 220. 
A number 20 grain, for example, is one that will pass through 
a screen having 20 openings to the linear indi. Such a grain 
would be retamed on a scre^ having 24 openings. As the 
screens wear through abrasive action they must be replaced 
frequently. 

It can be readily seen that the size of the wire of which 
the screens are composed and the skill exercised in weaving the 
screens influences the size of the grain. Many years ago con- 
siderable confustion resulted from the fact that a No. 24 grain, 
for example, made by one company did not match the No. 24 
produced by another manufacturer. During March, 1922, how- 
ever, the Grinding Wheel Manufacturers' Association of the 
United States and Canada adopted definite standards for grad- 
ing screens and since that time the difficulty encountered by a 
number of standards has been eliminated. 

Grains finer than 220 are designated as powders. They are 
known as F, FF, FFF, etc. 'They are graded in water. Finer 
powders, known as minute powders, also are graded in water. 
Thus a 10-minute powder is one that required 10 minutes to 
settle in water. The finest abrasive powder is known as 
60-minute. 

Abrasive paper and cloth generally is marked in grit num- 
bers such as 1, 2, etc. Some confusion results as the num- 
bers used to designate various materials do not agree. For 
example, there is quite a difference between 2/0 flint and garnet 
paper. The following data, furnished by the Carborundum Co., 
is useful in comparing abrasive paper and cloth grit numbers: 
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Manufaetored 


Carbonmdain 

Flint 

Garnet 

Emery 

altimiiia 

PF 

v* 



■•••••■a 

220 


• »••••« 

•«•«■••• 


180 

2/0 

4/b 

8/0 


160 

•■#•••■■ 

8/0 

2/0 

2/0 

120 

2/0 


0 

0 

100 

0 

2/0 

100 

100 

90 

1/2 

0 

1/2 

1/2 

80 

••••••■• 


1 

1 

70 



11/2 

11/2 

60 

1 

1/2 

2 

2 

60 

11/2 

1 



40 

2 

11/2 

21/2 

21/2 

86 

21/2 

2 



80 


21/2 

8 

8 

24 

8 

8 

81/2 

81/2 

20 

81/2 

81/2 




Gbimdbb’s Consumption 

Grinder’s consumption is a common term applied to a form 
of tuberculosis tecbnically termed siUcosia or fibroid phthisis. It 
is caused by inhaling silica dust. A physician who had an 
excellent opportunily to study this disease in a New England 
town submi^d the following interesting communication to the 
United States Public Health Service: 

’1 have seen a number of cases of the so-called grinder’s 
consumption. The symptoms are excessive shortness of breatii 
on slight exertion, dry cough and great prostration. At the 
present time the grinders are Poles and Films. The diaAnwA 
attacks them more frequently and it is more fatal than iHnnp g 
the grinders of former years and of oth^ nationalities. Forty 
years ago I found victims among Yankees who were axe grind- 
ers some 20 years previously. These men could grind from 18 to 
20 years before giving up the work. French Canadians next took 
their places. They generally lasted from 12 to 16 years. Swedes 
followed next, taking the disease in eight to ten years. Finns 
and Poles are now engaged in the work, taking the disease in 
three to five years.” 

Grinder’s consumption is caused primarily by particles of 
dust irritating the operator’s throat and lungs. Thus, if TwaAna 
are taken to reduce the amount of dust created by the grinding 
operation, the hazard can be reduced to a miniTnnTn, if not 
eiminated entirely. The grindstones used in axe factories are 
approximatdy seven feet in diameter and one foot wide and 
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as tiiey are completely worn out in three wedcs it is evident 
that a large amotmt of dust is created. 

Of course, the greats part of the dust is carried sway in 
the form of sludge, but enough floats in the air to cause trouble. 
One remedy is to run a liberal stream of water on the stone at 
all times. Another remedy consists of the operator wearing a 
respirator which Alters the air as he breathes it. Grinders 
object to wearing these devices, however, claiming that they 
are hot and inconvenient. 

As to the most common causes of grinder’s consumption, 
authorities differ. F. H. Bauh of J. Wise & Sons Co., cutlery 
manufacturers, furnished the following interesting data: 

“Whether dust arising from abrasive wheels has a tmidency 
to develop grinder's consumption is a question which doctors 
disagree. From my own experience I can state that I never 
seen a case of consumption which could be ascribed to emory 
dust In fact I cannot recall a case of consumption in the past 
12 or 16 years and during that time I have been handling from 
8000 to 4000 men. 

"I do recall that in my younger days spent in the Middle 
West factories a number of the wet grinders (mmi working on 
natural sandstones running in water) died of tuberculosis. This 
was laid to the fact that these men almost invariably were heavy 
drinkers and it also is quite possible that the sanitary arrange- 
ments were not as ^cient as those of the present time. Today 
the natural sandstone is almost entirely in disuse in cutlery 
manufacturing shops, they having been replaced by manufactured 
grinding wheels. These wheels on account of their greater ease 
of truing are comparatively dean to work upon.” 

Fayette B. Plumb Inc., manufacturers of hammers and 
hatchets, sledges and axes, furnishes some interesting facta re- 
garding the dust hazard. At the plant of this concern grinding 
wheels have been substituted for grindstones. William D. Plumb, 
factory manager, submitted the following: 

“We are certain that the use of dry grinding wheels de- 
creases the hazard of grinder’s consumption. The wet grinders 
used to get wet and thus they caught cold. They did not take 
care of themselves and continued to catch colds, developing at 
first what might be called a chronic*' eeld. The membranes of 
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the throat and lungs became raw and breathing in the grind- 
stone dust was very likely to cause grinder’s consumiriion. 

“Since we have done away with the wet ginding room, the 
men are not as subject to colds as formerly and, consequently, 
they are less liable to be affected by dust The blower system 
in our grinding rooms reduces the dust hazard to a minimum. 
In selecting grinders we exercise care to see that the applicants 
are men with strong lungs. With this simple precaution, no 
cases of tuberculosis have developed. Of the men who have 
remained with us for several years, we have noticed no falling 
off in weight or other signs of failing health. By sdecting the 
proi>er men and by itiat-ftlliTigr an efficient dust exhaust system, 
using the dry grinding method, the old bugbear of grinder’s 
consumption, in our opinion, can be eliminated entirely.” 

In precision grinding operations where the work is cooled 
with a liberal stream of soda water or other solution, the dust 
hazard is reduced, as the particles of dust are washed away as 
soon as they are generated. The Packard Motor Car Co., 
furnishes some interesting data regarding grinders’ consumption. 
The company operates a large number of precision grinding 
machines. F. X. Wells, safety engineer of the Packard plani 
stated as follows: 

“We have gone over our hospital records for the past five 
years and we do not find a single case of (pdnder’s consumption 
due to a wet grinding operation.” 

The fact that workers, in abrasive and grinding wheel manu- 
facturing plants are constantly exposed to fine abrasive dust is 
weU known. As a matter of fact, however, ihese operators are 
not attacked by grinder’s consumption. A. C. Pemberton, man- 
aging director of W. J. Davies & Sons Ltd., British abrasive 
manufacturers, states that a number of employes at the Davies 
works have completed a half century of service, showing no ill 
effects from the inhalation of abrasive dust. He is of the 
opinion that emery dust acts on the lungs as does coal dust in 
preventing tuberculosis. 


Grinding Gages 

Grinding gages are appliances for noting the decrease in 
diameter of cylindrical work in process of grinding. They are 
of two kinds. The Pratt gage has a yoke that surrounds the 
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work. This yoke carries two fixed and one movable diamond 
pointed contracts. The upper one is connected to a lever that 
actuates the hand of a dial gaga The entire device is mounted 
so that it can be swung up out of the way whmi chang in g the 
work. The Arnold gage works on a differmit principle. It is 
equipped with hardened and ground shoes that fit the work so 
that a set of shoes is necessary for each size ground. The com- 
ing together of the shoes as the work is reduced in diameter 
actuates an indicator needle so that the operator can observe 
whmi the predetermined size is reached. This device can be 
removed entirely when it is necessary to change the work. 

GBIMDING WHEEiL SUPEBVISOBS 

Grinding wheel supervisors are men employed in a few of 
the large automobile and motor manufacturing plants to look 
after grinding wheels. Such men order wheels for stock as 
well as for trial purposes, look after all tests of abrasives, etc. 
Probably not over 60 such positions exist in the United States at 
the present time, but as a capable wheel supervisor can save a 
large company a substantial sum annually, the time is not far 
distant when such positions will be more common than they are 
at present. 

Ironing Wheel 

A device used for finishing flat surfaces on stone with 
abrasives. Lroning wheels are of various patterns and a number 
of such appliances have bemi patented. A popular form, much 
used in the Quincy, Mass., district consists of a disk from two 
to three feet in diameter and in inch or more in thickness carry- 
ing a number of slots. This device looks like a circular boiler 
grate. It is located by means of a flexible coupling in the end 
of a vertical shaft so arranged that it can be moved over the 
stone surface in all directions. Various abrasives are used 
in the finiabing process, called ironing, carbide of silicon, sand, 
metallic abrasives, etc. 

Lubrication of Grinding Machines 

The following data of grinding machine lubrication were 
furnished by A. F. Brewer of the Texas Co.: Ball bearings, 
and in certain cases roller bearings, have been found to be 
adaptable by certain machine builders as a means of insuring 
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effective operation of sach elemeats as the idler and main drive 
ahaft especially. The main spindle is resrarded as the moat im- 
portant member from the vieTTpolnt of lubrication. The impor- 
tant point in oiling grinding madiines is the original sdection 
of the lubricant to be used, and the consideration of its char- 
acteristics as required by the principles of antifriction bearing 
construction and operation. In such bearings the purpose of 
lubrication is to facilitate as easy rolling as possible. To enable 
this, however, all the surfaces must be in as perfect condition 
as practicable. 

As a general rule, as light a lubricant should be used as 
can be successfully retained in such a bearing commmisurate, 
of course, with the temperatures and pressures involved. Wh^e 
practicable an oil with a viscosity of from 100 to 200 seconds 
Saybolt at 100 degrees Fahr. will be best. 

Where there is possibility of oil leakage, however, or under 
conditions of dust, dirt or dampness it may be advisable to 
resort to grease as the lubricant. Greases furnish better seals 
against the entry of dust, dirt and moisture, thereby serving to 
protect the higMy finished surfaces of the bearing donoits in 
a very satisfactory manner. 

Grease also can be very much more effectively retained 
in a non-oil-tight housing; on the other hand, dirt or grit that 
finds its way into a grease lubricating bearing, has no means 
of settling out, but is always held in suspension, being carried 
back into the bearing repeatedly. 

Where the grinding machine wheel spindle is built with 
plain or so-called sleeve-type bearings the sight feed oil cup has 
been proven to afford the requisite degree of lubrication, espe- 
cially where a wood oil distributor is properly located within the 
bearing housing below the spindle. The 8-part bearing is 
extensively used on certain of such machines, namely: a half 
box is located at the bottom and to the rear of the spindle hous- 
ing. The top construction consists of two adjustable bearing 
segments. By means of suitable thumb-screws these latter can 
be adjusted readily to meet lubrication and pressure require- 
ments without the necessity for stopping the spindle. Produc- 
tion is, therefore, not interfered with in the making of any 
normal adjustment 

Flood lubrication has also been developed to a marked 
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degree, especially for the preservation of spindles. Mechanical 
or automatic circulation of the oil to the essential wearing parts 
can be admirably accomplished by means of a suitable chain 
driven pump wMch is drivmi from the wheel spindle. There 
must, of course, be adequate reservoir space with such a system 
to carry the requisite volume of oil and provide for proper set- 
tling. In many machines the hollow wheel slide is used for 
this purpose; as well, it serves as a housing for the oil pump. 

Flood lubrication by means of oil circulation Insures, per- 
haps, the greatest degree of operating cleanliness possible of 
attainment, for in addition to serving as a lubricant and coolant 
the oil will usually wash the entire system free of any accumu- 
lations of foreign matter. It is essential, however, that there 
be an ample quantity of oil in the system and sufficient volume 
in the reservoir to allow for precipitation or settling out of the 
majority of any foreign matter which may have been taken up 
during circulation. 

In order to insure the maximum of protection from any 
grinding machine lubricant, it is absolutely essential to keep 
the lubricating system as free from foreign matter as is con- 
sistently possible, according to the operating conditions and bear- 
ing cons^ction. There always is a possibility of entrance if 
impurities, especially where bearings may not be properly sealed. 
It is a matter of decided importance for we can realize that 
continued churning of abrasive foreign matter with oil and its 
passage through plain bearing clearance spaces or in intimate 
contact with higUy finished balls and raceways will ultimatriy 
prove the ruination of spindle or main drive bearings and ihdr 
respective elements. 

As it is not always possible to effect the requisite degree 
of sealing or to depend upon the seal being in good working 
order at all times, grinding machine bearing lubricating sys- 
tems should be fiushed and cleaned at periodic intervals. The 
frequency will, of course, depend upon the design of the bear- 
ing, the type of seal, the lubricant used and the extent to which 
dust and dirt are present. 

Systems served by sight feed oilers will in general require 
more frequent attention than ball bearings, due to the fact 
that their housings may be less carefully designed. With the 
former cleaning may be necessary or advisable at periods rang- 
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ing from every two weeks to every several months. With ball 
or roller bearings once or twice a year is sufficient, unless oper- 
ating conditions are especially dir^. On the other hand, anti- 
friction bearinsrs are more delicate from the viewpoint of con- 
struction, and therefore the lubricant should not be allowed to 
become as contaminated as is permissible with other types of 
bearings. 

Circulating oiling systems possess natural advantages in 
that the flood of oil wUch is constantly passing through the 
bearings tends to wash out any grit, dirt, dust or metallic 
particles that may have gamed entry. As a result, wear is 
reduced to a minimum, just as long as the oil in the system 
does not become so highly contaminated as to be unable to pre- 
cipitate such foreign matter during its period of so-called rest. 
This flooding of bearings, by virtue of its washing action, nat- 
urally gives rise to gradual accumulation of foreign matter, 
ther^ore, the condition of the oil should be carefully watched 
and the system drained as soon as any excess of dirt becomes 
apparent. 

For all normal conditions of grinding machine spindle opera- 
tion it will be practicable to use a light to medium bodied 
straight noineral spindle or machine oil, the degree of refinement 
depending to a large extent upon the type of lubricating system. 
In sight feed oilers as used for spindle lubrication on many 
madiines an oil from approximately 100 to 200 seconds Saybolt 
at 100 degrees Fahr. will adequately fill the clearance spaces 
and prevent abnormal vibration should these latter be com- 
paratively high. Relative to the rate of oil feed, it is inter- 
esting to note that the Norton Co. recommends adjustment of 
sight feed oilers to ddiver from about 7 to 10 drops a minute. 
It is practicable to use Ihis same grade of oil for the spring- 
actuated wick-oiled bearings. In the ring oiling device, however, 
a somewhat heavier product will be necessary, the viscosity rang- 
ing from 200 to 800 seconds. 

Grinding machine bearings served by circulating systems 
can normally function on an oil of similar viscosity as men- 
tioned for the spindle bearings. Re-usage of oil by circulation, 
however, imposes a very important requirement upon any oil 
for such service. In other words, it must readily separate from 
water or other foreign matter, and not tend to develop emul- 
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sions to any extensive degree. For this reason attention must 
be paid to the degree of refinement of any oil under considera- 
tion. That is, an oil should be used which has been freed by 
filtration of those hydrocarbon constituents which may lead to 
subsequmit emulsification, especially when the oil is agitated 
in the presence of air, and perhaps in contact with water or 
particles of metallic foreign matter. As a rule a viscosity range 
of from 100 to 200 seconds Saybott at 100 degrees Fahr. will 
meet requirements. 

For those other wearing dements in the average grinding 
machine, including reversing mechanisms with tiieir essential 
gears, cams and bearings, an oil should be used which will 
meet the requirements of both hand and bath lubrication. This 
latter is prevalent in many reversing mechanism housings. The 
oil cup, however, prevails on the majority of the other genmral 
machine bearings. The duty involved is not severe. There- 
fore, a medium bodied straight mineral machine oil will, as a 
rule, serve the purpose satisfactorily, the viscosity range bdng 
from 200 to 400 seconds Saybolt at 100 degrees Fahr. 

There may, however, frequently be a problem in the lubrica- 
tion of fiat bearing surfaces sudi as Vs and table ways, due 
to the varied pressures which may be devdoped. For this rea- 
son the utmost care should be paid to sdection of the oil to be 
used, and the extent of viscosity or body required. Lubrica- 
tion of such surfaces can be accomplished by oil cups and suit- 
able grooving of the ways, or by the installation of roUmni located 
in depressions which can be kept full of oil. These latter are 
automatic, for at each passage of the slide the respective rollers 
carry a film of oil up to the surfaces of contact, in much the 
same manner as a ring-oiler would lubricate a plain bearing. 

The viscosity range to meet the pressure conditions of slide 
operation must of necessity be wide. Oftentimes, on smaller 
grinding machines it can be as low as 800 seconds Saybolt at 
^00 degrees Fahr. On the other hand, larger machines such as 
those designed for the grinding of steel mill rolls may require 
a lubricant as hea^y in body as a steam cylinder oil, the actual 
viscosity bdng perhaps as high as 180 seconds Saybolt at 210 
degrees Fahr. 
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Magnetic Chucks 

Magnetism is theoretically explained as a certain relative 
position assumed by the molecules or particles of iron, accord- 
ing to Herbert R. Simonds. To make this possible, it must be 
assumed also that each molecule itself is a magnet. Every 
magnet has a positive and a negative pole, or end. This is 
illustrated by the fact that if either the negative or positive 
poles of two magnets are brought together they repel each other, 
while if two opposite poles are brought together they are at- 
tracted and held together. 

This property is found also in a hdix, or coil of wire, 
through which a current of electricity flows. If a bar of 
iron is inserted in this helix, its molecules are drawn into 
position so that it also becomes a magnet. Such an arrangement 
is shown in Fig. 7, but the iron core has been bent into a U 
shape to bring the poles closer to each other. Here the electric 



current flowing continuously in the same direction (direct cur- 
rent) through the wire sets up a magnetic current at right 
angles to the flow of the electric current through the steel core. 
At the ends of the magnet iK>les this current passes through the 
air, which completes the circuit. When a piece of sted is 
placed across these poles, the magnetic circuit is completed more 
readily which holds the steel against the poles. As the resistance 
of air is about 100,000,000 times greater than that of iron, it 
will be appreciated that the closer the iron bar touches the poles, 
the firmer it is held. 

Another point to remember is that only so many mag- 
netic lines of force can pass through a certain area of iron, so 
that if a piece of iron, too small in cross-section, is placed across 
the poles, some of the magnetic lines of force radiating from 
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the poles can not travd through the piece. Under these con- 
ditions, the piece is not held as strongly as a unit through which 
all the lines of force can travd. 

Any magnetic chudc is a readaptation of a plain horseshoe 
magnet, designed to bring its poles all in one broad, flat sur- 
face on which work may be placed for holding purposes. This 
principle is shown graphically in Fig. 8. The coils surround the 
cores which alternate in polarity, positive and negative, and it 
will be noted especially that the top plate is provided with in- 
serted cores, insulated from the top plate frame, so that the 
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magnetic lines of force are conducted up to the work and do 
not become lost in the top plate itself. The plus sign designates 
positive poles, while the minus sign refers to negative poles. 

While there are various designs of magnetic chuclm, they 
embody but two fundamental differences. The oldest type 
embodies a single coil surrounding a single core, the poles of 
which are divided into numerous interlocking sections to dis- 
tribute evenly the opposite polarities. The latter type is made 
up of numerous smaller coils, each one surrounding its own 
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individual core or pole which shortens and intensifies the path 
of the magnetic force lines. 

When a chuck is loaded with small, but thick, pieces, the 
lines of naagnetic force are dissipated. The other extreme involves 
thjn pieces where the area of their cross-section is too small to 
permit sufiicimit lines of force to pass. In Fig. 9 is shown a 
steel cup whose flange is to be ground as indicated. As the 
bottom of the cup is too thin to allow enough lines of force 
to pass to hold the cup firmly, a steel disk is placed in the 
bottom of the cup to increase &e path of the lines of forca 

The auxiliary top plate is the most practical, but suprisingly 
least appreciated means, of increasing the usefulness of a mag- 
netic chuck. It is simply a duplicate top plate that is fastened 
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Fig. 10 shows the grinding of a thin paper cntter to a 
beveled edge. In this cas^ a special auxQiary plate was made 
because the poles of the chuck did not come close enm i gh to the 
center to hold this small cutter. The plate was designed so 
that its poles on the side next to the chuck made contact with 
the chuck poles, while on the oth^ side the poles were drifted, 
or offset, which caused them to come closer to the center of 
the paper knife. In grinding, instances often come whmre the 
work is so easily distorted that the irregularities on rough pieces 
are straightened out while the piece is in contact with the chuck. 
These irregularities, of course, reappear when the work is 
removed. To overcome this difficulty, various methods are em- 
ployed. One is to place between the work and the chuck, the 
thickness depend!^ ui)on the requiremmits. The paper forms a 
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slight gap between the chuck and the work. This gap, being 
insulated, resists the magnetic lines of force, causing them not 
to pull so strongly. Another plan is to place an auziliaiy top 
plate on the chuck so that the poles do not coincide exactly. 
In this way, the magnetic lines of force leak, or spread out, over 
the top plate and reduce the holding power. 

Magnetic chucks, in common with all tools, have their 
peculiar troubles. In many cases, however, they are blamed 
when the trouble is due entirely to dectrical conditions outside 
the chuck. Many shop electricians are guilty of returning mag- 
netic chucks for repairs when the trouble is elsewhere. The 
following are a few suggestions that will eliminate needless 
delays : 

A weak chuck is caused by the voltage being too low. The 
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generator brushes may make poor contact. The work may be 
so rough or unevmi as to cause air gaps between it and the 
chuck. The work may be nonmagnetic. Steel dust may collect 
between brushes and collector rings on rotary chucks. 

A dead chuck is the result of a short circuit, in the con* 
necting wires, loose connections, or by the brushes not making 
contact on the chuck collector rings. If none of these causes 
are found, the chuck itself is short-circuited or burned out 
and should be returned for repairs. One section of the chuck 
may be weak or dead. Whmi in this condition, the chuck 
itself is usually wrong and should be returned for repairs. 

If the chuck blows out fuses, the generator is speeded too 
high. Too many chucks or other apparatus may be on the 
circuit, drawing too much current. A short circuit in the chuck 
or connecting wires will also cause this trouble. 

Water in the chuck is frequently caused by wearing or 
resurfacing of the top plate until it is so thin that water leaks 
in through the screw holes by which it is fastened. If a chuck 
is used in a vertical position without i>rotecting the joint 
between the top plate and body, water may leak in. A break 
in the lead wire protecting tube is also a cause of this trouble. 
The top plate may have been removed and not properly replaced. 

Whenever trouble occurs, the operator should make sure 
that outside conditions are correct. If trouble appears to be 
with the chuck, it should be returned to the manufacturer for 
repairs. Five minutes work will often put a chuck in ordw 
when an elecrician unfamiliar with the work will make it neces- 
sary to replace all the colls. 

Many times there is a doubt as to whether a demagnetizer 
is necessary. All chucks are provided with demagnetizing 
switdies which demagnetize the chuck so that the work is really 
removed. This switch also demagnetizes the work to a cer- 
tain extent, but where all magnetism must be removed, as is the 
case with gages, dies, pawls, etc., a demagnetizer is necessary. 
Hardened steel retains magnetism to a greater extent tlum 
soft steel or cast iron and large pieces more than small. There 
are two types of demagnetizers, tiie hollow-coil and the plate 
type. The latter is the older design wherein the work is demag- 
netized by sliding it across two plates. In the former type 
the work is held or dropped through an opening in the demag- 
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netizer and is especially suitable for irresrular and bulky work. 

To what an extent a magnetic chuck may be utilized is dif- 
ficult to determine without experiment, but if care is exercised 
in trying out various applications, always keeping in mind the 
principles of magnetism, worth-while results can be obtained. 

The rotary magnetic chucks supplied with Blanchard sur- 
face grinding machines differ radically from other designs. The 
chuck body is a solid disk of forged steel in which are machined 
on one side large concentric grooves to receive the coils, and 
on the other side numerous small grooves which are filled with 
hard brass. This design leaves a continuous layer of steel 
extending under the entire face of tiie chuck mak^ it water- 
proof indefinitely. The coils are form wound, impregnated 
with an insulating compound and are sealed In place. The 
working face is composed of steel and brass in alternate rings. 
So close is the spacing of the steel poles that a piece of 
work as small as a twenty-five cent piece will tough two or more 
poles, no matter how placed. 

Metallic Abbasive Manufactube 

Crushed iron and steel materials used by the foundry indus- 
try in this country 15 years ago did not exceed 200 tons annually 
but with ectensive improvements having been made in the 
design of cleaning eguipmmit during this period, however, tiie 
volume of steel shot and grit used for abrasive purposes now 
totals several thousand tons a year. One producer alone ships 
over 7000 tons of this material annually. Large quantities 
of crushed steel are used for sawing and rubbing stone, marble 
and onyx. Its resistance to pulverization serves to produce 
uniformity in the grinding of optical lenses, and, hence> the con- 
sumption of crushed steel by this industry assumes attractive 
proportions. Locomotive builders also make use of this material 
for fAftiTig surfaces together, such as in the case of air joints, 
throttel valves, etc. 

Crushed steel is made from high-carbon and crucible sheet 
steel. In preparing it for commercial use the steel is specially 
treated to impart brittleness and in this condition the material 
is crushed by special designed equipment operated electrically. 
The of the material as it leaves the crusher ranges from 
2 to 200 mesh. After screening into various sizes each batch 
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1b heat treated and then separated into 26 sizes ranging from 
20 to 200 mesh. Sizes from 70 mesh upward are screened on 
silk bolting cloth and the liner sizes in powder form are used 
as one of the ingredients of steel cement, in the manufacture of 
various chemical compounds and for malring fireworks' spark- 
lers. hi the latter connection several hundred tons are used 
annually. 

A product, known as steel shot but whirii merely is chilled 
cast iron, also finds extensive use in foimdry practice. In the 
process of manufacturing steri shot the highest grade of raw 
material is used, including sdected scrap and charcoal iron. 
These are melted in a cupola which is equipped with numerous 
runners. During the casting period the metal is separated into 
small spherical globules by the action of high-pressure steam 
or heated compressed air directed against the stream and in riiis 
form the metal is blown into a tank of water and cooled. The 
shot, made brittle by the rapid cooling, is heat treated to impart 
a temper of hardness and then graded by mechanical means 
into 16 sizes which range from 4 mesh down to 90 mesh. 

Steel shot is used for sawing, grinding, polishing or rubbing 
stone, marble or granite, as an abrasive for core drilling and for 
making burnishing pebbles. The finm: sizes are used principally 
as an abrasive for sand blast purposes. Coarse material left 
on the 4-me8h scremi is granulated by special designed crushing 
equipment and in this form is known in trade parlance as angu- 
lar steel grit. After the crushed material is heat treated, to 
impart the qualities of toughness and durability, it is gr^ed 
into 16 sizes ranging from 7 to 100 mesh and is thmi ready 
for blasting forgings, castings, tire rims, stampings, pressed 
sted parts, stone monuments, etc. Crushed steel, steel shot 
and angular steel grit are shipped in burlap bags with a holding 
capacity of 100 pounds. 

Mathematical Formulas 

The following formulas pertaining to abrasive engineering 
are given in simple arithmetic so that they can be used readily 
by those not possessed with a knowledge of higher mathematicB: 

To find the circumference of a circle — ^Multiply the 
by 8.1416. 
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To find title area of a circle — ^Multiply the diameter by its^ 
and the result by 0.7864. - 

To find the volume of a cylinder — ^Multiply the area of the 
base by the height. 

To find the peiipberal speed of a grinding wheel — ^Multiply 
the diameter of the whed in inches by 8.1416, divide by 12 and 
multiply by the number of revolutions per minute. 

To compute the work speed of a given piece in feet per 
minute — ^Multiply the diameter in inches by 8.1416, divide by 12 
and multiply by the work revolutions per minute. 

Ptjllet-Sfeed Bules 

The following data pertaining to the calculation of speeds, 
and diameters of pulleys was compiled by the Abrasive Co. 
Given in simple arithmetic, the rules are valuable and easily 
comprdiended: 

When the proposed speed of the grinding wheel is known, to 
find the countershaft speed: 

Rule — ^Multiply the number of revolutions per minute of 
the grinding spindle by the diameter of the pulley and divide 
the product by the diameter of the driving pulley on the counter- 
sha^ 

Example — The driving pulley on the countershaft is 20 
inches, the pulley on the wheel spindle is 8 inches and is to 
make 800 revolutions per minute. How many revolutions per 
minute must the countershaft make? 

800 X 8 -7- 20= 820 revolutions per minute. 

When the speed of the countershaft is known, to find the 
diameter of the pulley to drive the grinding wheel spindle: 

Rule — ^Multiply the number of revolutions per minute of 
the grinding wheel spindle by the diameter of its pulley and 
divide the product by the number of revolutions per minute of 
the countershaft. 

Example — ^The pulley on the grinding wheel spindle is 6 
inches in diameter and should make 1400 revolutions per min- 
ute. The countershaft revolves at 660 revolutions per minute. 
WHiat should be the diameter of the driving pulley on the 
countershaft? 
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1400 X 0 060 == 13 inches, the diameter of the driving 

pulley on ihe countershaft. 

With the proposed speed of the countershaft known, to 
find the diameter of the pulley to install on ihe line shaft: 

Buie— Multiply the number of revolutions per minute of the 
countershaft by the diameter of the tight and loose pulleys and 
divide the product by the number of revolutions per minute of 
the line shaft. 

Example — line shaft running at a speed of 231 revolu- 
tions per minute is required to drive a counterriiaft at a speed 
of 660 revolutions per minute. The driven pulley on the counter- 
shaft is 7 inches in diameter. What should be the diameter of 
the driving pulley on the line shaft? 

7 X 660 -i- 231 — 20 inches, Idle diameter of the pulley on 
the line shaft. 

In general, the diameter of any driven pulley multiplied by 
its speed in feet per minute always equals the diameter of the 
driving pulley multiplied by its speed in feet per minute. 

Revebsikg Electbic Gbindebs 

Occasionally an operator desires to run an electric bench or 
floor grinder in the opposite direction for which it was designed. 
According to the James Clark Jr., Electric Co., Inc., no 
changes are necessary with the exception of the electrical 
alteration in the motor wiring that are required to make the 
motor operate backwards. Other factors are involved, however. 
All motors can be reversed, but to those who have never tried 
reversing a grinder it is well to give a warning not to attmnpt it. 

Many have noticed, in the case of a bench grinder or floor 
grinder, that the clamping nut on the right-hand end has a right- 
hand thread, while the nut at the other end of the spindle has a 
left-hand thread. To one who does not know the reason for 
this, it probably seems an odd thing for a manufacturer to do. 
A designer chooses the lead of a grinding spindle thread so that 
any slippage of the grinding wheel on the shaft will cause the 
nut to tighten. 

When a motor is reversed, the nuts, outside flanges and 
wheels occasionally drop off the end of the shaft immediately. 
This is due to the fact that grinding wheels have considerable 
inertia, or fly wheel effect. When the shaft accelerates during 
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the starting period, the inertia of the wheels gives them a 
tendency to lag behind. This produces a slippage which moves 
the outside flange and the nut dightly, and if the shaft is run- 
ning in the wrong direction, this, of course, will back the nut off. 

The upshot is that grinding machines must not be reva-sed 
without providing them with new spindles, threaded on the ends 
in a direction reversed to what they were previouitiy. Even 
placing a lock washer betwemi the nut and the outside flange 
does not make it safe. There are some grinding machines which 
do not use a threaded spindle. They are very rare, however, 
and it is consequently safe to establish as a rule the fact that 
grinding machine must not be reversed. 

Rubbing Bed 

A cast iron disk varying in diameter from two to 16 feet 
or more and used for flnishing flat surfaces, principally on stone 
such as marble. The disk is arranged horizontally and revolves 
at speeds ranging from 10 to 80 feet per minute at the periphery. 
The work is located against cross arms to prevent it turning 
while its weight keeps it in grinding contact. Various abrasives 
are used on rubbing beds, always with a liberal water supply. 
Sharpening stones, and in some instances the sides of small 
grinding wheels, are finished fiat on rubbing beds. In this in- 
stance carbide of silicon is used as an abrasive medium. 

Rubbing Beiges 

Rubbing bricks are made in various shapes and sizes of 
natural or manufactured abrasives and used for various purposes 
such as cleaning castings, rubbing down cemmit or concrete sur- 
faces, etc. Small rubbing bricks often are termed abrasive 
sticks. The only difference between a rubbing brick, or stick, and 
a sharpening stone is that the former is not finished after it 
comes out of the vitrifsring kiln, whereas the latter is smoothed 
on all sides on a rubbing bed. 

Special shape bricks are used for a diversity of purposes. 
Those with angular grooves across their faces are used exten- 
sively for rubbing concrete surfaces. Perforated bricks made 
of manufactured alumina are used for rubbing varnish on patent 
leather. A potter’s cutter is a comparatively thin rubbing brick 
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uaed for smoothing biseulib ware. Small square, round and tri- 
angular shapes are called atieka, although they generally are 
listed under the general heading of sharpening stones. 

Salvaging Abrasive Materials 

Some years ago, whmi the output of manufactured abrasiveB 
was under the control of two companies, carbide of silicon and 
manufactured alumina wheel stubs had a market value. They were 
bought up in 100-pound lots and crushed, the grain thus pro- 
duced being treated and marketed as recrushed grain. Now that 
artificial abrasives can be purchased by anyone on the open 
market, the dmnand for recrushed grain has decreased. In 
passing it m^ be well to state, however, that recrushed grain 
should have a market value for Impregnating the so-called 
safeiy tile as used for flooring. Where safety cement surfaces 
are laid, the recrushed grain is mixed with the upper coating. 

Grinding whed stubs sometimes are used to advantage 
in place of rubbing bricks for cleaning castings, etc. Also 
they are used in tumbling barrels. We have heard of thmn be- 
ing set in plaster of pans in a cast iron holder for finishing 
stone surfaces. Broken whed stubs can be used for a filler 
in cement work to take the place of stone where it is cheaper 
to work them off in this manner than to dispose of them 
othmwise. The bushings in wheel stubs have a market value 
as scrap lead. These bushings also are used in tumbling bar- 
bds in steel foundries to polish castings. 

Where polishing operations are carried on to any mctent, 
the abrasive grain carried away through the exhaust pipes or 
collected otherwise has a commercial valua The grain is boiled 
to remove the glue and mixed in with a batch of new abrasive 
grain for setting up polishing wheels or belts. Care must be 
exercised, howevor, not to mix coarse reclaimed grain with new 
material of a finer grit as such a mixture would leave unde- 
sirable scratches. 

In every coated abrasive manufacturing plant where spe- 
cial shape materials are made, a large amount of waste prod- 
ucts accumulate in the shape of cuttings. In cases where 
small pieces of abrasive paper of cloth are used, if these cut- 
tings can be purchased, a distinct saving sometimes can be 
diown. 
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Suiting Up Gbindinq Maceine!S 

Firat examine the grinding madiine builder's erection 
plan carefully to make smre that all necessary specifications 
have been foUowed. Special attention should be givmi to locat- 
ing the grinder properly under the overhead works> if any are 
used. A cmnent foundation always is preferable, but in cases 
where a machine must be set on a wood floor especially above 
the first story, it is a good plan to locate it near a wall or a 
supporting column. This will help to overcome vibration which 
always is a detrimental factor in grinding machine oparation. 
Be sure that the machine is levded accurately both ways. The 
base can be levded by driving wedges under it. However, 
in setting down the foundation bolts care most be exarcised 
not to throw the bed out of line. If the machine is to be set 
on a cemait floor, after it is leveled a dam of putty or day 
should be built around the base on both the inside and outside. 
Leave a number of vaits in the outside dam and pour the 
space under the machine between the two dams full of molten 
sulphur. This will result in a satisfactory foundation. 

Spindle Adjusting 

Due to the fact that a wide variety of grinding machine 
spindle designs are in use, it is impossible to give spedfic 
instructions for their adjustment. In general it can be stated 
that the spindle of any grinding machine should fit its bear- 
ings snugly to avoid pli^, whidi would result in chattering. 
In tftTriwg up the subject of grinding and polishing stands, 
several varieties of bearings are found, such as bronze, babbitt, 
ball and roller. Bronze and babbitt bearings on the types of 
machines in question are adjusted by rescraping them to fit and 
setting up the box caps by taking out liners or removing a 
amount of metal from the clamping surfaces. The 
scraping should be performed accurately by a skilled machinist 
and the bearing set up just tight enough to drag slightly when 
turned by hand. Ball and roller bearings on the ^es of 
TrinniiiTnw used for rough grinding and polishing seldom are 
provided with adjustments so the only remedy for a loose bear- 
ing is to iTiafaili a new one. Fortunately, these bearings are 
not expensive. If the macfiiines are fitted with the type of 
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taper roller bearings commonly used in automobile construc- 
tion they can be adjusted readily. The use of such bearings 
is to be recommended. 

In adjusting the spindle bearings on a precision grinding 
machine, the general rule is to have the bearing tight eno ngii 
so that it warms up when the machine is in use. The opera- 
tor never should attempt to adjust a bearing with whidi he is 
not thoroughly familiar for he is liable to do more harm 
good. A good plan is to refer to the instruction book that is 
provided with the machine. The directions should be followed 
explicitly and carefully. 

Vacuum Chucks 

The so-called vacuum chuck consists of a hollow rectangu- 
lar box with openings at the top over which the work is placed. 
The air is exhausted by a pump so that atmospheric pressure 
is utilized to hold the work in place. These chucks are useful 
for grinding non-metallic substances such as fiber glass, stellite, 
wood, etc. They are used principally on surface grinding 
machines. 



418 



SECTION xn 

MISCELLANEOUS ABRASIVE OPERATIONS 


Under this heading are grouped a number of interesting 
and important abrasive operations arranged alphabetically as 
follows: 
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MISCELLANEOUS ABRASIVE OPERATIONS 
Aoate Grinding 

In one prominent shop in New York a tin wheel is used 
with abrasive tripoU and this practice is quite general. In 
some instances wood wheels are used and again pumice stone is 
often substituted for tripoli. Tin or wood wheels are operated 
horizontally. They are 12 indies in diameter and 1 inch thick 
and are operated at speeds ranging from SOO to 400 revolutions 
per minute. Lead wheels also are used for roughing opera- 
tions. They are moistened with water and impregnated with 
No. 120 carbide of silicon. Sometimes vitrified bond carbide 
of silcon wheeld in 80 grit are used for rough grinding. In 
Germany, where the agate industry fiourishes to quite an extent, 
the gems are cut on large grin^tones. 

AuTOuoBiCiE Body Finishing 

Abrasive processes foUowed in the finishing of automo- 
bile bodies consist of rubbing down carefully successive coats 
of filler, paint, varnish or nitro-cellulose lacquer to present a 
smooth surface. Each coat must be brought to a level surface 
or otherwise the next coat cannot be laid level. The process 
general^ is lengthy and painstaking where a high-grade finish 
is essential. Methods differ in various plants. The process 
employed where paint and varnish is used is as follows in a 
representative plant: 

First, all surface imperfections on the bare metal are 
removed with abrasive doth in and 1^^ grits. Pronounced 
irregularities, however, are filed smooth. Then the body is 
cleaned thoroughly as paint will not stick to a dirty surface. 
Aluminum bodies are washed with a volatile solution, while 
steel bodira are gone over with a preparation that removes 
rust, grease, etc. If the rust is not removed, the paint will 
peel. 

Next follows the first priming coat which is a lead com- 
position of a dark brown color. This coat is brushed on bodies, 
although fenders, radiator covers, aprons, etc., are sprayed. 
This operation is technically termed ‘priming. After the body 
has been dried for 24 hours, a coat of fiat lead is applied. This 
is a slate color. The next operation to follow is called glazing. 
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It consists of filling slight imperfections with a special composi- 
tion called glazing compound, which resembles white-lead putty. 
This material is applied with putty knives. In color it is lightw 
than the preceding coat so that the glazed portions can be 
seen readily. 

The body is now ready for the application of five coats 
of rough stuff laid on successively with a brush. The coats 
are applied alternately, vertically and horizontally, eadi coat 
being dried for 24 hours before the application of the next. 
Each coat is rubbed wet with hone and piunice gangs. Before 
the gang-rubbing operation, however, abnormally high spots 
are brought down with No. ^ abrasive cloth. Five costs of 
rough stuff are necessary as one coat often is rubbed through 
in spots. 

The body now is ready for its first coat of color. This 
coat is of a composition that dries flat, that is, without luster. 
Colors are applied with a brush, although white paint frequently 
is sprayed in place. The next coat is the so-called color varnish, 
that is, a high-grade varnish carrying a pigment to impart the 
color. After drying this coat is oU sanded with No. 4/0 flint 
paper. The paper is soaked in linseed oil before using. Three 
more coats of color varnish next are applied, each one being 
dried 24 hours and rubbed down with pumice powder and 
water. The body then is given a coat of clear varnish which 
after drying is rubbed with pumice powder and rotten stone, 
both being applied with water. 

The car now is assembled and given a road test after 
which it is washed with great care. Then the body is again 
rubbed with pumice and rotten stone. Next follows striping 
if the specifications call for this. Finally, the last coat of 
varnish is applied. This is a dear materitd of English compo- 
sition. The varnishing often is done in a dust-proof room and 
dried for 24 hours in the dark. 

The American Glue Co. furnished the following data per- 
taining to the finishing of lacquered automobile bodies: 

The advent of nitro-cellulose lacquers completely changed 
the methods of automobile manufacturers in painting their cars. 
As is always the case in a revolutionary movement of this 
kind, there was a great deal of seesawing back and forth 
in materials and details of operation before the big production 
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shops settled on a fairly standardized method for applying 
lacquers. The changes were so rapid and confusing t^t the 
whole subject was more or less treacherous ground for the 
automobile refinisher. Today, however, the experience of pro- 
duction shops has been sufficient to allow lacquer manufac- 
turers to TnftVft definite recommendations on materials and 
methods without fear of an overnight change. 

The experiments and testing on different kinds and types 
of sandpaper were just as confusing for a long time. And 
today we are still finding many refinishers who are not yet 
properly posted on the most economical sanding methods. With 
a view toward correcting this condition, there is presented 
here a set of rules for refinishing automobile bodies with 
lacquer. Attention is especially invited to the use of the less 
expensive glue bond (finishing) papers in certain operations 
where many have believed a waterproof paper necessary. 

1. — ^Removal of old paint. There are many chemical prepa- 
rations on the market which allow the easy removal of the old 
varnish coats, or they may be burned off with a gasoline torch. 
It is essential that ^s be a complete job and the metal body 
be brought up to a bright finish with a fine grade dry paper. 
The exact number to use will depend on the condition of the 
body, amount of rust, etc. In general. No. 150 finishing paper 
is recommended; which may be replaced by the finer No. 180 
or the coarser No. 120 as necessary. Sometimes it is convenient 
to use gasoline in connection willi this sanding but that does 
not require a waterproof paper, as a glue bond is impervious 
to a petroleum product 

2. — ^The primer coat is then applied to the metal and, 
where necessary, spot sanded with this same No. 160 finishing 
paper. 

8. — ^The surfacer coat which follows the metal primer fre- 
quently receives insufficient attention simply because it is an 
undercoat. Most failures in lacquer finishes are directly trace- 
able to a poor surfacer coat. Lacquer does not fill up and con- 
ceal imperfections. Instead, it acts as a high-powered glass 
and magnifies them. The surfacer must be sanded absolutely 
smooth and free of scratches. Surfacer sanding is essentially 
a water-wet operation and waterproof paper must be used. 
Two separate sandings are required. First wet the body with 
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water and sand it with No. 220 waterproof paper. The surface 
should be kept well slushed with water while sanding. After 
removing the roughness, water sand again with No. 280 water- 
proof paper. Every scratch should come out in this operation. 
After going over the whole body, examine carefully for any 
scratches that may possibly be left and get them out by water 
sanding again with No. 820 waterproof paper. 

4. — The lacquer coats. The number of these depends, of 
course, on how high-priced a job is being done. The lacquer 
manufacturer gladly gives the necessary information. Refin- 
ishers doing a very high quality job sand between the coats 
of lacquer, while the cheaper jobs are only sanded on the final 
coat. Wet sanding is best on lacquer but not water-wet. A rub- 
bing oil consisting of a kerosene base emulsified so as to be 
thinned out with water may be used and in that case a water- 
proof paper is required. A more economical wet sanding may 
be done with a mixture of ordinary cylinder oil and an equal 
quantity of gasoline or a slightly larger quantity of kerosene. 
The great advantage here is that, while a watered-oil requires 
waterproof paper, the straight petroleum mixtures work well 
with the much lower priced glue bond (finishing) papers. With 
the watered-oil use No. 820 waterproof paper. The still finer 
No. 400 grade may be substituted here and on very high qualiiy 
jobs is perhaps more desirable for the final coat sanding. Just 
as perfect a fiTiiab can be obtained with the oil and gasoline, 
or oil and kerosene, mixture using the more economical glue 
bond paper — ^No. 820 or No. 400 finishing paper. In either 
case the oil solution is smeared on the body and the paper dipped 
in it before sanding. Sand carefully with light pressure over 
the entire surface until the orange-peel effect is removed. Then 
wash the body, dry with a chamois, and apply the polish and 
wax finish recommended for your particular lacquer. 

BURNISHING Practice 

Burnishing as applied to smoothing metal surfaces may 
or may not be an abrasive action, although it is often con- 
sidered as such. Burnishing can be performed by hand or auto- 
matically. An excellent example of hand burnishing consists 
of highly AwtaTiing steel spectre frames before they are col- 
ored. The frame first is smoothed very carefully with flour 
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emery paper. Then it is burnished with a hand burnishing 
tool; a hardmed steel blunt instruments highly polished. Such 
burnishers are made of old half-round files about four to six 
inches long. As the tool is passed over the work it imparts 
a high gloss, even under ordinary pressure. 

Automatic burnishing is performed in revolving burnishing 
barrels in which the work is placed with burnishing agents 
such as steel balls or other mediums. Thus this process is closely 
allied to that of tumbling. Frederic B. Stevens, gives the fol- 
lowing pertinent information relative to burnishing balls: 

The full barrel will operate satisfactorily with fewer 
balls in proportion to the work than a half-foU barrel. This 
is because the work is all the time completely surrounded by 
the balls. There is no floating, the balls fill all the voids between 
the separate pieces of work. The right size of balls to use for 
any given job is judged by allowing a ball to rest in the sharp- 
est comer or crevice of the work. Balls being round, it is 
easily understood that a small ball will rub closer to the angle 
of a sharp comer than will a ball of larger diameter. Regard- 
less of the size of the ball, the bearing or robbing surface 
is almost a pin point of contact. Two balls 1/16-inch in diameter 
will therefore offer two points of contact where a ^-inch ball 
would offer only one. For some classes of work a large ball 
seems to be the most effective. Other work turns out better 
with a snaall ball, while still other work may show the best 
results with two or even more sizes of balls mixed. This is a 
matter which has to be determined by the nature of the work. 

Burnishing balls need not be perfectly round; even a flat 
spot offers no objection and Ibeir accuracy as to dimensions 
is of no consequence. To burnish well, they must be hard and 
as smooth as it is possible to make them. The culls, or inac- 
curate balls turned out by manufacturers of bearing balls, fur- 
nish an exceptionally good and inexpensive supply. Also, to 
meet the demand for ball burnishing, certain manufacturers are 
making balls for the purpose. These special balls are hard, 
smooth and highly polished, and as slight variations in size do 
not matter, they can be produced at a reasonable cost. 

In huTidling these balls, they are usually referred to in 
peck quantities. Work is referred to in the same manner. A 
peck of work placed in ibe ball burnishing machine will call for 
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aa equivalent quantity of balls. The balls most often used a. 
1/16, 1/8 and 1/4-mch. Approximately one peck of balls, 
regardless of size, will weigh 100 pounds. The 1/16-inch size 
will run close to 20,000, ihe 1/8-inch to 3200 and the 1/4-inch 
to about 450 per pound. One peck of 1/16-inch balls, therefore, 
represents about 2,000,000 separate little burnishing tools, each 
one furnishing several points of rubbing contact 

Carbon Gbindinq 

The principal use for abrasive working carbon is in cut- 
ting up slabs for various purposes and the radial grinding of 
commutator brushes. Machines used for cutting slabs look like 
ordinary saw benches fitted with thin elastic wheels instead of 
saws. In grinding commutator brushes with a disk wheel it is 
necessary that the wheel be of the correct diameter to impart 
the desired radius. This, however, can be accomplished readily 
by varying the relation of the angles between the wheel and the 
work-carrying fixture axes. Carbide of silicon wheels are used 
for carbon grinding. 

Chinbse Abrasive Practicb 

Abrasive practice in China consists principally of gem cut- 
ting and tool sharpening. Gems of various kinds are cut on 
iron or steel wheels about 20 inches in diameter and 1-inch 
face, with moist sand as an abrasive. The sand is kept in a 
box under tiie wheel. It is applied with one hand while the 
artificer holds the work in his other hand, sometimes in a 
simple holder. Several grades of sand are used. One is fiint 
powder obtained in the Northern Provinces. Comparativdy 
soft gem stones are cut with a variety of red sand (probably 
a variety of garnet) found in the Honan province. A variety 
of so-c^ed hlack jewel sand is used for cutting hard stones. 
What is known to the Chinese gem cutting trade as diamond 
duet is a fine black abrasive produced in the United States. 
It is said to resemble carbide of silicon. In the Southern 
Provinces a number of varieties of sand are used, each kind 
being divided into many grades. Comparatively few manufac- 
tured grinding wheels are used in China as knives, chisels and 
other edge tools are sharpened on natural grindstones or flat 
slabs. Natural stones also are used for grinding peanuts, 
rice, wheat, etc. These stones, which substitute ordinary burr 
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stones as used in the United States and Europe, are operated hori- 
zontally, one the bed and the other the runner stone. Accord- 
ing to Chinese practice the grooves in the bed and runner 
stones radiate in opposite directions. 

Metallic surfaces are polished with sand instead of with 
emery or manufactured abrasives. For fine polishing opera- 
tions the abrasive is set up on leather straps. Due to the fact 
that Chinese labor is very cheap and abundant it may be many 
years before modem abrasives will be introduced generally. 

CiJiANiNO Room Fracticb 

Cleaning room practice differs in various foundries, but in 
each instance the main object should be to have tlie castings 
progress through the cleaning room with as little backtracking 
as possible. In cleaning room practice in gray iron foundries, 
the first step is to remove cores and core wires. Then tiie cast- 
ings should be rattled or sandblasted to remove superfluous sand. 
As a rule small castings are rattled while large ones are sand- 
blasted. In some instances, however, comparatively large 
castings can be rattled economically. In this category are 
cylindiOT blocks, heads, etc. They should be packed carefully 
with special filler pieces interposed as these large castings 
most not be tumbled about indiscriminately. After rattling 
or sandblasting the castings should be inspected carefuDy and 
if slight imperfections can be repaired by welding, this opera- 
tion should follow. 

Large castings are ground under swing-frame grinders, 
while small ones are ground on hand grinders. Carbide-of- 
sillcon wheels are used universally for grinding gray iron. In 
foundries where continuous production is the rule, it is an 
excellent plan to provide an endless conveyor belt between 
a double row of floor grinders so that the belt is back of the 
machines. Thus as the castings are ground they are thrown 
on this belt where they are conveyed to a sorting table. With 
an installation of this kind the castings can be handled rapidly. 

The tumbling barrels and the grinding machines should be 
equipped with an adequate system for carrying away the abrasive 
dust. A foundry is not a tidy place under ideal conditions so 
that all means possible should be taken to reduce the dust 
hazard to a minimum. 
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In plants where automobile engine castings are made, 
careful inspection is necessary. Manifolds, cylinder blocks, etc., 
must be subjected to a water pressure test, while pistons must 
conform closely to gages provided for their inspection. After 
the final test the castings are taken to the shipping floor, which 
preferably should parallel a railroad siding. 

Malleable iron grinding procedure is somewhat different. 
The castings can be ground before or after annealing. If they 
are ground before annealing, carbide-of-silicon wheels should 
be used. If ground after annealing, alumina abrasives will 
show better results. After the groimd castings are annealed 
they present even surfaces which adds materially to their sales 
value. Again, if the castings are ground before annealing 
the surface texture is the same throughout after the annealing 
process is complete. In some instances it is practicable to grind 
the castings to advantage after annealing. 

In steel foundry cleaning room practice, the castings flrst 
are sandblasted and the gates and risers removed by flogging 
or by a cutting torch. Then the castings are ground, inspected, 
annealed and ratUed. The procedure differs in various plants. 
Wheels for grinding steel castings must be very durable and for 
this reason emery often was preferred in times past. At the 
present time, however, the manufacturers of alumina wheels 
have made great progress in adapting products for this work. 

Brass and aluminum castings should be ground with car- 
bide-of-silicon wheels. The gates preferably are removed by a 
sprue cutter or a metal band saw. The grinding madiiines 
should be equipped with an adequate dust removal system for 
the abrasive dust that lodges in the exhaust lines and in the 
dust arrester is heavily charged with metal that can be salvaged. 
According to some authorities, a dust disposal system in a 
brass or an aluminum foundry will pay for itself in a few 
years in the metal reclaimed. 

Wheels in foundry cleaning rooms are vitrifled or rubber 
bond. The former should be operated at speeds ranging from 
6000 to 5600 surface feet per minute; the latter at speeds rang- 
ing from 9000 to 12,000 feet per minute. A rubber bond wheel 
must be operated at a high peripheral velocity to show efficiency. 
Such wheels should be used only on substantial grinders. In 
everyday cleaning room practice it is a good plan to keep the 
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peripheral speed of the wheels as constant as possible. This is 
provided for in many foundries by changing the wheels from 
one stand to another as they wear down. Each successive 
grinder, of course, must be run at a slightly increased speed. 
To prevent the moimting of wheels that are of too great a 
diameter for the spindle speed it is a good plan to provide 
guards of a diameter that will not permit the mounting of 
wheels that are too large for a safe surface speed. 

COMUUTATOB DKESSINO 

Electric motor and generator commutators generally are 
dressed occasionally with fine-grit sandpaper or garnet paper. 
Nos. ^ to 00 are used, depending on the size of the commutator. 
As a rule but little dressing is required. For example, the com- 
mutator on an automobile generator will run for several months 
without attention. The commutators of large motors, however, 
used in industrial plants should be smoothed off occasionally, 
at least once a week. Too much attention, however, is a detri- 
ment as the continual abrasive action wears the copper surface 
unduly. A special stone, called a commutator stone, also is used 
for dressing these members. It is made of a natural sand- 
stone or of a manufactured product, such as carbide of silicon. 
When a commutator is worn badly the only remedy is to take 
out the armature shaft and mount it between centers in a 
cylindrical grinding machine where the commutator can be 
dressed level. A carbide of silicon wheel in a medium grit 
and grade should be used. 

Core Cutting and Grinding 

Bound, square and hexagon foundry cores are made up in 
pieces of various lengths and cut and trimmed to size as wanted. 
They are cut on a cutting off machine and if any other grinding 
is necessary it is done on an ordinary grinding wheel. The 
cores used in making automobile engine (flinders must be very 
accurate as thin section metal is involved. Thus, if these cores 
warp out of shape to an appreciable degree they are too inac- 
curate for close work. They are ground level and true after 
baking by passing them under a cylinder wheel which is 
mounted on a vertical axis. Carbide of silicon in 16 to 24 
grit is used. Generally a special machine is improvised for 
the purpose. 
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Fibe-Bbice Gbinding 

Fire bricks of various kinds often are ground where it is 
necessary that smooth surfaces be generated for making fits, 
etc. Side surfacing machines are excellent for this purpose. 
In many instances, however, makeshift appliances are used. 
In general carbide of silicon gives good results on this work. 
When possible the work should be performed wet to carry away 
the dust and to keep down the frictional heat. 

Glass Gbimding 

Glass grinding is an important branch of abrasive prac- 
tice. It includes a number of interesting operations on glass 
for everyday uses. Due to its hard nature, glass cannot be 
worked ^thout the use of abrasive materials of various kinds. 
Plate glass, such as used for store windows, automobile wind- 
shields, etc., must be ground and polished on both sides. The 
glass is cast on a table and then passed through a lehr where 
it is annealed. Grinding is performed on large circular iron 
tables about 20 feet in diameter. These tables revolve at an 
approximate speed of 60 revolutions a minute. Above the table 
is fixed a crossrail on which two iron shod runners are located. 
They are circular disks and their function is to carry abrasive 
material over the surface to be ground, making the grinding 
contact at the same time. The plate of glass is cemented 
on the table with plaster of paris, being bedded in place. It 
is also prevented from slipping by wedges placed along its 
sides. As the glass revolves the action causes the runners to 
rotate also as the peripheral speed at which the glass passes 
under them varies. Sharp sand and water is used for the first 
grinding operation. This abrasive is known as silica sand. Next 
the surface is smoothed with fine emery and water. Then the 
sheet of glass is turned over and the other side rough and 
finished ground. The final operation consists of polishing with 
felt-shod rubber disks placed on the runners. The abrasive 
used is rouge. Grinding operations reduce the sheet of glass 
40 per cent in thickness. 

Glass beveling is another important branch of glass grind- 
ing. Glass edging, that is grinding the edges of plate glass 
smooth for automobile windshields, etc., is performed in much 
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the aame maimer as beveUng. Plate glass generally is beveled 
by hand on a device called a beveling mill. This is a cast iron 
disk about 80 inches in diameter operated at a speed of 460 
revolutions per minute. The abrasive agent is No. 70 carbide 
of silicon applied with water. In grinding a bevel, the operator 
first hacks up the surface, that is, he holds the glass at right 
angles with tiie mill so that the edge will be finished flat. Next 
the glass is held on the mill at the correct angle to generate the 
necessary bevel. The abrasive here is No. 70 carbide of silicon. 
The following operation is called emerying as emery formerly 
was the abrasive used. It is performed with No. 140 grit ma- 
terial. This grain generally is a reclaimed product from the 
roughing mill. The next operation is called smoothing. It is 
performed on a natural sandstone called a Newcastle stone. 
This stone is mounted horizontally over a wood table. The 
grinding is done wet and the object is to remove the fine 
scratches left in the emerying operation. The Newcastle stone 
is 80 inches in diameter and is operated at a speed of 250 
revolutions per minute. White wheeling follows. It is done 
in a poplar wood wheel 40 inches in diameter, 4-inch face oper- 
ated at 400 revolutions per minute. The abrasive used is No. 
FF pumice and water which is splashed on the wheel by a pad- 
dle mounted in a deep box. Buffing on a felt faced wheel fol- 
lows, the abrasive being rouge and water. Numerous improve- 
ments have been instituted for grinding glass for automobile 
windshields, especially for finishing the edges. For instance, 
the edges of the glass are first ground on a mill as previously 
described and then finished on a manufactured alumina wheel 
which has seven depressions formed in its face. The edges then 
must be chamfered. This is done on a beveling mill, much 
after the manner in which ordinary plate glass is beveled. The 
final operation is polishing on poplar wood wheels with pumice 
and water. 

Glass cutting is an interesting operation entailing no end 
of care and attention. In cutting an ornamental punch bowl, 
for example, thousands of intricate cuts must be put in while 
the operator guides the work by hand. Cut glass is made in 
two varieties, that is, it is cut from plain or figured blanks. 
As its name implies, a plain blank carries no design while a 
figured one is formed in a mold to impart the design to guide 
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the operator. Plain blanks are used by shops that wish to pv 
out exclusive patterns. Figured blanks are employed whw it 
is desirable to turn out a large amount of material for the 
cheaper class of trade. The first step when working with 
plain blanks consists of marking tiie desired pattern on glass 
with a red pigment. The marker often is a cutter also. This 
nriftrlring is free hand work and consequently is sketchy. The 
design then is roughed out on a roughing mill. This appliance 
is a wrought iron disk about from 18 to 24 inches in dimeter, 
with a beveled face. It is mounted on an arbor or spindle 
which has tapered ends that fit in depressions in wood bearing 
blodcs. A pulley is provided on the spindle for a one-inch fiat 
belt. The abrasive used is No. 60 carbide of silicon and water 
which flows on the mill. A trough is placed imdemeath to catch 
the material that runs from the work so that it can be used 
over and over again. Mills as small as six inches in diameter 
are used for making some of the finer cuts. An 18-inch mill 
is run at a speed of 200 revolutions per minute. In cutting 
the design, Hie operator is guided only by his eye and, as may 
be imagined, skill of a high degree is necessary. If the work 
shows a tendency to chatter it is overcome by placing a wad 
of putly on the glass to absorb the vibration. The operation 
that follows is called smoothing. It is done on beveled wheels 
made of natural stone or from manufactured abrasives. The 
natural stones used are the so-called Craigleith in both white 
and black varieties. When a manufactured abrasive is used it 
is aluminum oxide. Manufactured wheels usually are 120 grit 
and medium grade. Most present day cut glass receives a so- 
called acid polish. The ware is coated with parafBne except 
in the cuts where the acid must act. The only medium that 
will eat glass is hydrofluoric acid. This is mixed with a certain 
quantity of sulphuric acid. The acid imparts sharp well fined 
lines to the cuts. The cuts are then buffed on Mexican felt 
wheels with No. PPP pumice powder and water. Such wheels 
are about 18 inches in diameter and are operated at 1200 revo- 
lutions a minute. A bufQng operation with putly powder on a 
felt wheel usually follows. Circular depressions on cut glass 
ware are called punMes. They are ground in place on artifi- 
cial abrasive wheels generally. 

Lens grinding is an important branch of abrasive work in 
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the glass trades. In general there are two kinds of surfaces 
to be ground and polished, cylindrical and spherical. In some 
instances it also is necessary to generate plane surfaces. A 
lens grinding machine is a simple affair consisting of a rotary 
lap mounted on the end of a vertical spindle. The lens blank, a 
piece of glass about 2^ inches square is cemented to a cast 
iron holder with pitch. This holder has a depression on its 
upper side in which a pin projecting from a hand lever fits. 
Thus by moving the lever back and forth the lens is carried 
over the lap. Convex laps generate concave lenses and vice 
versa. The laps are cast iron, while the abrasives used are car> 
bide of silicon and aluminum oxide. They are mixed with water. 
A box surrounds the lens-grinding tool in which the abrasive 
and water is mixed. Thus the abrasive thrown off by centrifugal 
force is caught and retained. First, roughing is done with 
grits ranging from 60 to 90. Then the lens and its block are 
cleaned very carefully and taken to another machine where 180 
to 220 grit material is used. In some cases another operation 
with still finer material that has been used over and over again 
is used. Polishing is performed with rouge applied to a piece 
of broadcloth cemented over the grinding lap. Where large 
numbers of lenses of a like curvature are to be ground, a num- 
ber of blanks are cemented on a curved block so that all the 
lenses can be ground simultaneously. Such an operation is 
performed on a semiautomatic machine. Cylinder and toric 
lenses are ground on special machines which feed the glass 
blanks back and forth over special laps. The abrasives used are 
the same as employed for grinding spherical lenses. 

The edges of lenses formerly were ground by hand on large 
Craigleith stones. Today, however, special edge-grinding ma- 
chines are used. Such a machine mounts the lens on a holder 
while a cam generates the necessary curvature as the lens edge 
is rotated against a fine grit aluminum oxide wheel. For many 
years it has been customary to grind the edges of beveled lenses 
by hand, but lately a machine has been devised for this pur- 
pose also. 

The tops of blown glass tumblers are ground in a special 
device which holds the work bringing it against an aluminum 
oxide wheel. This grinds away the overblow. Wheels for this 
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purpose are both ball and cone shape and are used either wet or 
dry as conditions dictate. 

Glass stoppers in druggists’ bottles, etc., are fitted by grind- 
ing them in place with fine grain aluminum oxide or carbide 
of silicon. The former often is preferred as it breaks down 
to just ihe right grade to perform effective, airtight work. In 
this operation the stopper is held in a special chuck and as it 
rotates, the bottle is held against it thus generating a ground 
seat between the two members. 

Gbantcb Finishing 

Machines used for polishing marble, granite and terrazzo 
surfaces, according to Nathan C. Harrison, are of three lypes, 
belt driven, diectrically powered or air operated. The most popu- 
lar polishing machines in use at the present time are the belt 
driven variety as such tools can be depended on to produce 
economically. For example, some of the more recent types of 
belt driven machines polish 40 square feet of stone at one set- 
ting. When polishing granite in the stone cutting yard, a num- 
ber of blocks are placed together so that the upper surface 
is approximately level. A framework of boards is bound around 
the upper edge of the blocks extending upward about eight 
inches. All crevices are filled with a plaster of paris mixture 
to make an unbroken and practically waterproof surface. This 
structure is termed technically a bed. The first operation con- 
sists of ironing. It is performed with an iron scroll wheel 
mounted on the end of a vertical shaft. By means of a handle 
Hie wheel can be passed over any part of the stone surface. 
The abrasive medium usually is a metallic one called shot, and 
in some instances the operation is called shotting. This opera- 
tion grinds the stone surface level. The shot is washed away 
with water and another wheel substituted. This device is termed 
an emery wheel taking its name from the time when emery 
was the abrasive used. The operation is sometimes termed 
emerging. The wheel is cast iron and the abrasive medium is 
carbide of silicon grain in grits from 60 to 80. A final opera- 
tion is performed with putty powder with a felt wheel. This 
results in a high polish. Like methods and operations are fol- 
lowed when using pneumatic or electric machines, but with 
equipment of this kind the operations are carried out on a 
smaller scale. 
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Handle Sanding Practicb 

Abrasives used for saudiog handles are either quartz 
garnet, the latter being preferred in the majority of instanci 
While garnet costs more than white quartz (which still is us 
extensively) the results are so much better that it now is gc 
erally being substituted, due to its superior cutting qualiti 
and hardness. 

All varieties of handles are sanded on sand belts whi 
are made of heavy canvas, set up with abrasive and gh 
Various kinds of himdles include those for axes, picks, sledg 
hammers, hatchets, hoes, etc. A nicely finished handle shoi 
be run over three belts. The fibrst belt should be set up wi 
No. 2 garnet or No. 3 quartz. This belt performs the roughh 
The next belt should be set up with No. IV^ and the last b 
with No. 0 material. Polishing is done on a canvas belt whi 
instead of being set up with abrasive is waxed. 

There are numerous recipes for this polishing wax. T1 
most generally used for polishing the handles above mentior 
is made up as follows: 125 pounds of resin, 15 pounds 
parafSne, 3 gallons of demar varnish, 2 gallons of shellac, 
gallon of linseed oil. These materials are melted over a si 
fire, or preferably in a steam kettle, care being taken not 
heat Idle mixture too fast which would cause it to boil a 
become porus. While the mixture is melting, it should 
stirred thoroughly. Then it is molded into sticks. Stiff ca 
board tubes, such as mailing tubes, can be used. One end 
closed and the material poured in. The stick of wax is appl 
to the belt while it is running. 

In setting up sand belts with abrasive the following metl 
can be used: First, in order to secure a good foundation, 
prdiminary coat of very hot glue should be applied to the b 
It is a good plan to put the belt on the strapping machine d 
ing this operation so that it can be stretched tightly. The g 
is applied and allowed to dry under tension. This can be d( 
just before the dose of the day’s work so that the belt will 
ready to set up the next morning. 

After the preliminary coating of glue is dry, a sea 
coat of thick glue is applied. Then the belt is turned over 
the abrasive, which should be spread ^-inch deep in a trou 
Then the belt is pounded well into the abrasive with a flatn 
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pestle. In settinfir up a belt 16 feet or less in length, apply 
the glue to one-half the length and put on the abrasive — then 
set up the other half. For belts of greater length than 16 feet, 
apply the glue to only a short length at a time. This will 
prevent the glue setti^ before the abrasive is applied and it 
win insure a smooth cutting surface. 

An hour or so after the foregoing operation has been com- 
pleted, apply a coat of glue about 40 per cent of the former 
strength to tiie face of the belt, over the abrasive. If this 
coat of glue is too thin it will not hold the abrasive — if too 
thick it will cause the belt to glaze. No difficulty' should be 
^cperienced in making up this glue after the second trial. 
When put on properly the result will be a saving of 26 per 
cent of the abrasive so that the life of the belt is Increased 
materially. 

When the abrasive wears off or fails to cut, repeat -the last 
two operations. The number of times this may be done depends 
on the care exercised and the grade of work to be finished. 
When it is found that the surface of the belt is getting rough 
and has holes that do not fill with the glue and abrasive, drop 
the belt in a pail of warm water and after an hour scrape it 
dean of glue, using the back of an old knife or any blunt 
instrument that will not cut the fibers. This is the work 
of a very few minutes, after which the belt is as good as new, 
so that the operation of setting up can be started over again. 
Under ordinary circumstances, a belt can be re-set from six 
to ten times before it requires deaning off. A strong fiexible 
glue is necessary for the successful setting up of the bdts in 
question. The foregoing data were supplied by the Klotz 
Machine Co. 

Horn Grinding 

Horn is a comparative easy material to grind if the proper 
wheel is used. In general carbide of silicon is preferred. The 
work is done by hand in most instances, that is, it is hdd 
against the wheel without the aid of a fibEture. In some cases, 
however, fixtures are employed. For example, in grinding horn 
stems for tobacco pipes before they are bent the work is hdd 
between centers in a fixture and pressed against the whed. The 
work then is rotated, a cam giving the proper contour to the 
ground surface. 
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Lapping Practicb 

Lapping operations are of two kinds, plane and i^lindical. 
The former method is many centuries old and it takes its name 
from Unpidairy which today refers to the cutting of precious 
stones. Lap is a contraction of this word. The abrasives used 
for lapping are emery, corundum, aluminum oxide and car- 
bide of silicon. The latter is more particularly adapted for lap- 
cast iron. These abrasives are used in flour form for flne 
lapping and in flne grain form for other purposes. Emery 
is slow cutting, but it imparts the highest finish of any known 
abrasive. Corundum cuts fast and leaves a good finish. This 
also is true of ftliiTniTnim oxide. Carbide of silicon cuts very fast. 
The abrasive must be clean and kept in a container to exdude 
dust, for a small amount of foreign material will leave scratches 
that will ruin an otherwise good job. It is an excellent plan 
to purchase the washed material, such as is used for grinding 
lenses. 

Laps used for plane lapping are tin or cast iron. The 
former holds the diarge of abrasive well, but the latter often 
is preferred because it is more durable. In lapping hardened 
steel surfaces, such as gages and other small parts, the lap can 
be used dry or lubricated with oil, preferably olive oil. The 
oil should be rubbed on the lap by hand. Then a small quantity 
of abrasive should be sprinkled on. Here is where many make 
a mistake, for by applying too much abrasive the work cannot 
be lapped flat. This is because the material banks up under 
the edges of the work where it performs the major part of 
the cutting. The amount to leave for lapping should be slight, 
just enough to remove grinding wheel marks. Approximately 
0.00026-inch is sufficient to remove the marks left by a 46-grit 
wheel. The size of the piece, of course, is another factor to 
consider. For example, the larger the piece the more it is 
liable to warp, even in the grinding operation, so that in gen- 
eral the larger the surface to finish, the more liberal the allow- 
ance must be. At best, hand lapping is a slow process. If 
care is exercised an ordinary mechanic can lap work such as 
hardened size blocks within 0.00006-inch if he is provided with 
standards with which to check his work. Before testing the 
work with gages or micrometers it should be washed in gaso- 
line to remove the abrasive and the oil. 
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Many parts can be lapped within a close decree of accura<gr 
on a fine-grit, aluminuna-ozide, sharpening stone. In this 
case the stone must be true and lubricated with gasoline only. 
This method, of course, is not practicable for finishing gage 
surfaces, but for an operation such as finishing the tops of 
slip bushings for jigs so that the sizes will show plainly, the 
method is rapid and eflBicient. 

Hand lapping of such parts as the jaws of snap gages 
can be accomplished by the method shown in Fig. 1. In this 
case the lap is a smi^ cast iron piece held in a vise. The 



gage is moved over the lap by hand. This is an exacting opera- 
tion and it never should be relied upon to remove more than 
the very slight amount necessary to take out wheel marks. 
Gages can be lapped by another type of lap which is described 
further on. 

Horizontal cast iron rotary laps can be used to advantage 
for finiahing a large number of parts of a precision and semi- 
precision nature. In this case the lap is rotated at a surface 
speed of approximately 15 to 20 feet per minute. The abrasive 
is fine grit material, depending on the nature of the work. 
Thus for lapping such parts as the under sides of gear covers 
for machine tools, etc.. No. 90 carbide of silicon could be used. 
For lapping steel parts to a high degree of finish fiour abrasive 
would give good results. It is doubtful if the rotary lap used 
with grain abrasive for finishing cast iron surfaces is more 
economical than the disk grinding machine. However, these 
laps are used to some extent by machine tool builders for the 
foregoing purpose and in fact for finishing any fiat surface 
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on a comparatively fragile part that cannot be located to advan- 
tage for planing or milling. 

Vertically operated precision laps are used for a diversiiy 
of purposes, principally for lapping such work as snap gages. 
Such a tool is shown in Fig. 2. It consists of a cast iron center, 
A, ATifi a lead and tin composition rim, B, the proportions of lead 
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and tin b^mg about equal Babbitt metal sometimes is substi- 
tuted for the foregoing mixture. 

Laps of this kind can be used on a small universal grinder 
or on a proiile grinder. If the former type of machine is used 
it is necessary that the platen cross travel is aligned carefully 
with the wheel spindle axis so that they stand at right angles. 
A rotary lap must run true to accomplish the best results. It 
is necessary to true the lap carefully each time it is mounted 
on the wheel spindle. A simple truing method is shown in 
Fig. 8. The lap is turned off on both sides with the tool shown 
strapped to the machine platen. 

^e next step consists of charging the lap. This is accom- 
plished by rolling the abrasive in place with a small metal 
roller as shown in Fig. 4. The purpose of the roller is to force 
the grains of abrasive material into the soft metal lap. The 
fineness of abrasive depends on the character of the work. In 
actuality, however, the grains protrude from the lap so that 
a cutting action is set up. The abrasive can be rolled in dry 
or with oil. The latter method is preferable. In using the 
lap the work is strapped to the platen and fed back and forth, 


488 



MISCELLANEOUS ABRASIVE OPERATIONS 


the depth of cut being controlled by the platen longitudinal 
feed screw. As both surfaces are lapped at one setting, it is 
obvious that they should be parallel. The lap should be a little 



less in width than the opening in the work so that it cuts on 
one side at a time only. The lap should be lubricated with oil 
during the operation and it should not be rotated faster than 
20 surface feet per minute. If it is run faster the abrasive 
does not have a chance to cut properly and again the work will 
be overheated. 
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Cylindrical lapping is of tv70 kinds, external and internal. 
A lap for external work is shown in Fig. 6. It is made of cast 
iron and equipped with a screw at the split end for dosing 
it. It is fed back and forth over the piece to be lapped while 
the latter is rotated slowly. Fine abrasive powder and oil is 
used. This type of lap possesses one advantage in that it 



charges itself. External cylindrical lapping is not a difScult 
procedure, although of course care must be exerdsed in apply- 
ing the abrasive and not running the work fast enough to 
cause tmdue heating. 

A makeshift method sometimes followed in external cyl- 
indrical lapping is to apply abrasive and oil by means of a soft 
wood stick held against the rotating work. The best that 
can be said of this practice is that it is not practical and that 
it does not produce accurate results. One might as well per- 
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form lapping with emeiy cloth, which would give just as good 
results. 

Internal lapping is a precision operation in which care 
must be exercised to produce creditable work. Three forms of 
internal laps are shown in Fig. 6. The one illustrated at 
is made of copper or brass and split for the accommodation 
of a wedge at the end which expands it. A better design is 
shown at B. This is a cast-iron lap split in four places and 
expanded by a taper end screw. At C is shown a lead lap 
molded over a taper spindle fitted with a groove to prevent 
the lap turning. This lap is split so that it can be driven up 
on the arbor and thus expanded. 

In using such laps, the amount to leave for lapping depends 
on the condition of the work. When lapping jig bushings that 
have not been ground from 0.006 to 0.025-inch, depending on 
the size of the hole, must be allowed. In general, all holes over 
%-mch should be ground before lapping. Sometimes, however, 
this is not possible. In lapping delicate, accurate work, such 
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as ring gages care must be exercised to prevent the work being 
bell mouthed, which is caused by the grains of the abrasive col- 
lecting at the ends. Careful toolmakers often overcome the diffi- 
culty by making ring gages with projecting ends as shown in 
Fig. 7. After the gage is lapped to size the projections are 
ground away. 

Many parts are lapped on a production basis with a bfgti 
degree of accuracy. This is especially true of size blocks which 
are made in large quantities by those specializing in their 
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zaanufacture. At one time it was thought that the Swedi 
gages were the most accurate to be produced, but at the prese 
time American manufacturers are marketing an equally accuri 
product. The secret of the high degree of accuracy attain 
lies in the heat treatment of the steel and the lapping proce 
Such work is lapped between flat plates that are very cai 
fully made and frequently repaired. Special machinery of t 
highest order is employed. For example, the Pratt & Whitn 
Co. control a number of patients on this equipment. Th( 
precision lapping machines embody two circular plates betwe 
which the work is interposed. Usually it is necessary to pi 
vide special holding fixtures. Lapping machines also are u& 
extensively for finishing cylindrical work such as automobi 
engine piston pins. In this case the work is located on a epic 
fitted with a number of arms, the spider and the work bei 
located between the lapping plates. 

The following data pertaining to precision cylindrii 
lapping was furnished by C. T. Appleton: The me^od c( 
sists of placing a number of piston pins loosely on a quit 
loading work spider which is located between two lapping whe( 
Both wheels rotate in opposite directions at a slightly differt 
speed. When lapping, ^e upper wheel is brought down on 
the piston pins under pressure, and the variations in work si 
plied cause the pins to rotate between the lapping wheels a 
creep slowly in a circular path in the direction of the fas 
whed. The projecting arms on the work spider are not rad 
with the center of the spider, thereby causing the piston p 
when rotating to have a rotating sliding action between 1 
wheels. 

The center of the spider rotates eccentrically with 1 
center of rotation of the wheels, thus giving three distij 
actions of the work in the wheel, as follows: 

1— The creeping of the work caused by the variation 
wheel speeds. 

2 — The sliding rotating action caused by the work bei 
set on an angle Instead of being radial to the center of ' 
wheds. 

S— The eccentric spider motion giving an in-and-out slid! 
action of the pins from the center of the wheel. 

For production purposes, at least two machines are rei 
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larly used, one for rough and one for finish lapping. This 
method is economical and satisfactory. However, where a 
small production will not warrant the use of two machines, one 
machine may be used by being equipped with a pair of roughing 
and a pair of wheels, both complete with fiangea 

Where two machines are used, that is, one for roughing and one 
for finishing, a spider full of pins is placed in the rough-lapping 
machine, and when inspected satisfactorily, the spider with 
the pins is passed directly to the finishing machine. This 
condition permits the pins lapped to exactly the same diameter 
to be passed on to a finlahiTig machine wi&out removing them 
from the spider. In the case of the small production where 
only one machine is used, it is, of course, necessary to first rough- 
lap a quantily of work and then set the machine up for finish 
lapping. To obtain the maximum results on a high-production 
basis a number of work holders are used, thereby permitting 
extra holders to be loaded while the others are in use on ma- 
chines. 

Piston pins are made in various ways, a typical method of 
which might be outlined as follows: 

Material: Gold'drawn steel, S. A. E. 1020, 2315, 8120; stock Is 
PTixehased 0.016 Inch over finished pin size. 

Stodc Stodcleft 
removed, foment 
inch operation. 
Inch 

0.0160 


0.0160 


0.0026 


0.0006 

0.0001 

0.0000 


Fint Operation: Machine hole and ends complete 

In automatic scraw machine.................. 0.0000 

Second Operation: Heat-treat. Fill central hole 
with asbestos and carbonize ih inch to it 
indi deep (average Ja inch). Harden to 

sderoBCope hardness 80 to 86 0.0000 

Third Operation: Bough-grind in cen- 
terless grinder with three cuts: 

First cut, stodc removed 0.0060 

Second cut, stodc removed............ 0.0060 

Third cut, stock removed.............. 0.0026 0.0126 

Fourth Operation: Finish-grind in cen- 
terless grinder with two cuts: 

First cut, stodc removed................ 0.0016 

Second cut, stock removed. 0.0006 0.0020 

Fifth Operation: Bough-lap in cylindrical lap- 
ping machine 0.0004 

Sixth Operation: Finish- (polish) lap in cylin- 
drical lapping machine........—— 0.0001 
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TOLERANGBS 

The limits usually allowed on the finish-lapped piece are 
as follows: 


Roundness within 0.0001 inch 

Taper within 0.0002 inch 

Diameter .from 0.0002 to 0.0006 inch 


The out-of-roundness of the work produced on the madiine 
is negligible, as this is practically zero in every instance. The 
diameter and the taper can easily be kept within 0.0002 inch 
without any unnecessary effort on the part of the operator. 
When necessary, the diameter can be kept within 0.0001 inch 
with special care on the part of the operator. It is the stand- 
ard practice to allow from 0.0004 to 0.0006 inch stock to be 
removed from the diameter in the rough lapping, and not 
more than 0.0001 inch in the finish operation. 

Prior to the lapping operation the pieces are finish-ground 
with a fairly good finish, and it is the usual practice to leave 
the finish-grinding diameter oversize by the amount of stock 
removed in rough lapping, plus the tolerance obtainable in 
grinding. For example, if a piece of work were to be finish- 
lapped to 1.0000 inches minus 0.0000 inch plus 0.0002 inch, the 
analysis of the size for rough lapping would be made as follows: 

Hazunum diameter after finish lapping, inches 1.0002 

Amount of stock to he removed, rough lapping, inches 0.0004 

Minimum grinding diameter, inches 1.0006 

Therefore, with the finish-grinding allowance of 0.0002 
Inch, the finish-grinding sizes range from 1.0006 inches to 1.0008 
inches, thus necessitating the removal of 0.0004 inch to 0.0006 
inch in the lapping. By removing this the piece after being 
rough-lapped would be to the high limit of the finish lap; 
therefore, the stock being removed from 0.00005 inch to 0.0001 
Inch in the finish lap would be within the finish tolerances. 

Practically, ihe lapping time required in production is about 
the same for the roughing and finishing operations. To illus- 
trate the rapidity in which the method produces lapped piston 
pins, the following data are given: 
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Diameter of liaximnm length of work, inches 

work, inches 1 2 8 4 6 


% 

1840 

1226 

1095 

980 

862 


1165 

1050 

950 

847 

780 

% 

1010 

920 

828 

780 

648 

% 

890 

818 

780 

667 

669 

% 


780 

667 

686 

512 

1 

••••••■• 

672 

698 

640 

467 

m 


614 

666 

496 

428 



569 

512 

458 

895 

1 % 


626 

467 

424 

866 



496 

488 

894 

861 

1 % 



895 

886 

807 

2 



851 

807 

278 


Two machines generally are used, one for rough and the 
other for finish lapping. For rough lapping, a medium-grain, 
soft grade of emery wheel is used, while for the finish lapping 
the very finest possible grain and softest grade of wheel is used. 
The lower whed is rigidly mounted to ihe lower-wheel spindle, 
while the upper wheel has a floating action on the upper-wheel 
spindle. This floating action permits the upper wheel to find 
itself perfectly parallel with the work and cutting surface of 
the lower wheel. When truing either wheel, it is, of course, 
necessary that both wheels be rigid. The upper-wheel clamping 
flang mounted on the spindle has therefore been arranged with 
three suare-head set-screws which, when screwed downward, 
remove all the floating action in the upper whed. Therefor, 
to true the upper whed, this whed is raised and locked so that 
the cutting surface is on a plane just above the upper diamond 
mounted in an arm on the left side of the machine 

The truing arm is arranged with two independently op- 
erated diamonds, one for the upper wheel and one for the 
lower. With the truing arm in position, the upper diamond 
is adjusted upward by a knurled collar until it just comes in 
contact with the upper wheel. The diamond is then fed back 
and forth across the whed by the use of the truing-arm hand- 
wheel located adjacent to the arm. 

The lower wheel is trued in an identical manner, and in 
order to keep the wear of the wheels at a minimum, as light a 
cut as possible is removed by the diamond. Under average 
conditions it is only necessary to true the wheels about every 
8000 to 6000 pins. It is of advantage occasionally to dress the 
wheels, thus eliminating the necessity of truing. This is done 
by simply passing a dresser back and forth over the cutting 
surface by hand. As the wheds are thoroughly moistened by 
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the constant flow of compound, the diamond produces a wet 
chip, and thus prevents emery dust from flying on to the 
Ttiftfflimft. After truing, the wheels are washed and thoroughly 
cleaned from all loose emery, thus permitting all grains to be 
cleanly open and preventing any of the emery from getting 
on the work. 

It has been found most satisfactory to date to use a grind- 
ing compound when lapping. This solution keeps tiie wheels 
and work clean at all times, and also prevents rusting. !](t may 
be said that this process of lapping is absolutely clean from 
emery, which elminates any possibility of emery getting into the 
bearings in which the finished lapped parts are used. In mak- 
ing a careful study of the subject, the varying factors so far 
presented are as follows: 

1 — ^Amount of stock removed 

2 — Work 

5 — Eccentricity of work spider 

4 — Speed of wheels 

6 — Dressing of wheel cutting surface 

6 — Truing of wheel cutting surface 

7 — Cutting compound 

8 — ^Pressure of wheels on work 

9 — ^Number of pieces on work spider 

10 — ^Number of pieces lapped 

11 — Grade and grain of wheel 

12— Time 

To obtain the most important variables and eliminate the 
constants, each may be taken separately in the order previously 
listed. 

1 — Amm/nt of Stock Removed. The amount of stock removed 
in the rough lapping is controlled by the limits obtainable from 
the fininb centerless-grinder operation and the tolerance allowed 
on rough lapping. From the practice previously referred to, 
the variation in stock removed in the rough lapping is from 
0.0004 to 0.0006 inch. As it has seemed most practical to per- 
form a test on a manufacturing basis, the variable of 0.0002 
inch has been disregarded, so that the amount of stock removed 
may be considered as a constant. 

2 — Work. Due to the large number of one tsrpe of piston 
pitiH hftiTig manufactured when the test and experiments were 
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made it was possible to proceed to makB the entire test on om 
t 3 ri>e of pin, thereby keeping all dimensions, material, and hard> 
ness of work cons^t. 

8 — Eceentrieity of Spider. This condition can be varied, 
and it was therefore necessary to find the effect on the work 
caused by the changing of the eccentricity of the spider. 

4 — Speed of Wheels. To determine the exact action of the 
grade and grain of the whed on the work, it is necessary to find 
out the effect on the work caused by the varying of the speed 
of the wheels. 

6 — Dressing of Wheel Cutting Surface. For the present 
tests are based on one dressing of the wheels per experimentr 
although at a later date it may probably seem to advantage to 
find the effect of the rate of production and the finish of the 
work caused by the dressing of the wheels. 

6 — Truing of Wheel Cutting Surface. Also, in the case 
of truing, for the present it seems advantageous to true the 
wheels only once per experiment. 

7 — Cutting Compound. For experimenting, the volume of 
cutting compound was kept constant, with a flow of 10 gallons 
per minute, the ingredients of the compound being in the ratio 
of 1 pound of material to 10 gallons of water. 

8 — Pressure of Wheel on Work. It is self-evident that 
varying pressures of wheels on the work would affect both the 
rate of production and the finish. It is therefore necessary to 
determine this by considering pressure as a variable. 

9 — Number of Pieces on the Work Spider. So that the 
pressure of the wheels per square indi of work surface is kept 
constant, the same number of pieces on the work spider is neces- 
sary for all experiments. 

10 — Number of Pieces Lapped. To obtain accurate results 
it is absolutely essential that the total number of pieces lapped 
per experiment be kept constant. It is therefore decided to 
make each experiment consist of 1500 pieces. 

11 — Grade and Grain of Wheel. The cutting action fur- 
nished by the wheel depends considerably on its grade and grain. 
It is therefore obvious that different wheels will have to be used. 

12 — Time. Time may be considered a rate of production. 
All other conditions in this test are affected by the time element, 
and it is believed that all results obtained win be most satisfac- 
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tory when based relative to time. The time element In all con- 
ditions is therefore considered as a variable. 

Summa/rv — ^From the previous paragraphs the constant and 
variable factors can be summarized as follows: 

Conatmt: 

1 — ^Amount of stock removed 

2 — ^Work 

6 — ^Dressing of wheel cutting surface 

6 — Truing of wheel cutting surface 

7 — Cutting compound 

9 — ^Number of pieces on work spider 

10 — ^Number of pieces lapped 

Vaaiahle: 

9 — ^Eccentricity of work spider 
4 — Speed of wheels 

8— Pressure of wheels on work 

11 — Grade and grain of wheel 
12^~Time 


DiauoND Laps 

Diamond laps are used extensively for lapping small holes 
that cannot be ground. They are soti; steel diarged with dia- 
mond dust which is rolled in place. The lap is laid on a small 
cast-iron plate, some diamond dust sprinkled on and another 
plate laid on top of the lap. By exerting pressure while the 
upper plate is moved back and forth the diamond dust is rolled 
in place. Diamond laps generally are run at high speeds, about 
1600 feet per minute surface speed on an average. Face-plate 
laps charged witii diamond dust also are used to a considerable 
extent. As such laps are expensive to maintain, substitutes 
are used whenever possible. 

Crankshaft Lapping 

Crankshaft lapping is an important operation performed 
to remove the minute marks left by the grinding wheel. In 
some instances it is performed with ^e grit emery or manufac- 
tured corundum cloth held in poli^ng clamps. Again, lead laps 
charged with emery and oil are used. The work is held between 
set centers and rotated about 100 revolutions per minute. Thus 
in lapping the crankpins the lap and its handle will have a 
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movement like a coimectiiig rod. Usually it rests against the 
bed of the speed lathe employed to locate and rotate the shaft. 
Crankshaft bufBng machines are a recent development to take 
the place of the more or less expensive hand lapping. While 
the operation is a bufSng one in the strictest sense of the word, 
it takes the place of a lapping operation. The present-day 
crankshaft honing machine, however, which is strictly a precision 
tool, is rapidly gaining favor as a crankshaft finishhig unit. 

Lbateeb WoBEmo 

Abrasives are used extensively in leather working. The 
suede leather of commerce is nothing more or less than ordinary 
sheepskin that has been ground on a carbide of silicon barrel- 
shaped wheel provided for this purpose. Such a wheel is called 
a wet wheel and the process is called wet wheeling. Such wheels 
are 60 grit, 16 inches in diameter at the center tapering to IS 
inches at the ends. They are 18 inches long and are operated 
at 850 revolutions per minute. They are cleaned occasionally 
with a hot sal-soda solution. These wheels cut remarkably 
fast. In wet wheeling, the flesh sides of lamb skins for nudc- 
ing ladies’ long gloves one operator can perform Ihe first operar- 
tion, cutting down, on 10 dozen skins per day. On the sec- 
ond operation he can do from 20 to 24 dozen skins per day. 
In making suede leather a good operator can do 24 dozen skins 
a day. 

In sharpening the knives of leather shaving machines, the 
wheel is made to run automatically back and forth past the 
circular knife that shaves the leather. This keeps the knife in 
good condition. Such wheels are about 9 inches in diameter, 
1-inch face, 70 grit, aluminum oxide. One wheel will last 60 
days, in shaving from 200 to 260 skins a day. For the band 
knives on leather splitting machines are sharpened continuously 
by an aluminum oxide wheel that runs against them. This 
wheel is 10 inches in diameter, 1%-inch face, 80 grit. Such a 
wheel lasts from six weeks to two months. For sharpening 
the knives of fleshing machines, aluminum oxide bricks are used 
extensively. These are about 8x3x2 inches in 80 grit. Car- 
bide of silicon bricks sometimes are used for this purpose also. 
This is not done automatically but on occasion as 

the knife gets doll. It is performed by feeding the brick past 
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the revolving knife by hand over ways provided for the pur- 
pose. 

The operation of briektaiUng leather consists of smoothing 
down rough spots on skins that have not been buffed, in bufBng 
over scars and other defects and in bufSng hard spots. It is 
performed on a wood wheel setup witii No. 90 carbide of silicon 
grain. These wheels are of all sizes, some being 12 feet long 
and three feet in diameter. 

Leather buffing consists of going over the grain side of 
skins with a wheel covered with carbide of silicon paper from 
120 to 220 grit. The wheels are wood of various sizes and 
shapes. Considerable skill is required in the operation. In 
some instances the skin is fed over the wheel by hand and in 
other cases a sort of press roll is provided to enable the operar 
tor to hold the work against the wheel. 

Abrasives are used extensively in shoe shops on a number 
of important operations. Tap scouring consists of grinding 
down leather shoe taps by feeding them through a machine not 
unlike a single drum sander. This machine carries a roll cov- 
ered with garnet or carbide of silicon paper. Such machine 
usually is connected with an exhaust ssrstem for carrying away 
the dust. The material often used is 30 grit combination paper 
and cloth and a sheet 9^ x 15 inches has been known to scour 
8000 taps. 

The different operations on shoes vary in different shops 
but in a representative factory ttiey are divided as follows: 
Fore part buffing (sometimes called fore part finishing), heel 
scouring, top lift scouring, shanking out and heel breasting. 
Fore part buffing is done with carbide of silicon paper on the 
front or sole of the shoe. Two grits of paper are used, 150 
180 grits, respectively, for the rough and finiabiiig operations. 
In one factory one sheet of paper, 12 x 12 inches, 150 grit, 
roughed 48 pairs of men’s shoes. In the finiaTiitig operation a 
higher production is possible. Heel scouring consists of finidi- 
ing the sides of shoe heels. It is done with carbide of silicon 
paper stretched over a felt covered wheel. A strip of 50 grit 
paper will finish 72 pairs of men's shoes. Top lift scouring 
consists of finishing the top lift or last layer of leather on heels. 
It is done with 70 grit carbide of silicon paper mounted on a 
special wheel. One strip of paper will scour 72 pairs of men’s 
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shoes. ShankiTig out consists of finialiiTig the shoe shank, that 
is the part directljr under the wearer’s instep. It is performed 
on a special whed called a HTiftTilriTig out wheel covered with 
No. 120 grit carbide of silicon paper. A strip of 120 grit paper 
win finish the shanks of 276 pairs of shoes. Shanking out pads 
also are used for this work. Some of them are mounted on 
pneumatic holders so that the work conforms to the abrasive 
readily. One pad will finish 48 pairs of shoes. Heel breasting 
consists of finishing the front of the heel. It is done with a 
carbide of silicon pad in 60 grit. One pad will do 400 pairs 
of shoes. Many years ago garnet was used exdusivdy for fin- 
ishing shoes, but carbide of silicon has replaced the former 
abrasive almost entirely. 

LEHB-BiiOCE Grinding 

The bottoms of lehrs in which plate glass is annealed are 
fire-clay blocks. These require grinding occasionally to make 
them level. Fire clay can be worked readily wiih abrasive 
wheels and one of ihe methods followed in finishing these blocks 
is to grind them on a large planer-type grinder. It is best to 
take the block that is worn the greatest as a guide, finiahiTig 
it first. Then the other blocks can be ground to the same 
thickness. A wheel for this work should be carbide of silicon 
about 16 grit and a medium hard grade. The grinding opera- 
tion does not differ essentially from any other surface grinding 
job. Another method followed in finishing these blocks is to 
grind them on a rubbing bed as used for finishing stone. How- 
ever, in ihis instance, the blocks must be sent away for grinding 
which institutes an additional delay. For this reason when lehr- 
block grinding is necessary it is general practice to use a home- 
made grinder rigged up by attaching a grinding head to the 
cross-slide saddle of an ordinary iron planer. The fed mech- 
anism must be altered so that a cutting travel of from 16 to 
20 feet per minute is had. This is accomplished readily on an 
ordinary planer by substituting a small drive pulley for the 
regular one on the line shaft. Means also must be provided 
for driving the grinding wheel at a peripheral travel of approxi- 
mately 6000 feet per minute. As fiire-clay grinding is a dusty 
job, it preferably is performed wet. Good results can be at- 
tained, however, by using an exhaust pipe to carry away the 
superfluous dust. 
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Mabblb Finishing 

Marble slabs, pilasters, stairway balusters, handrails, etc., 
are worked almost exclusively with abrasives. Marble slabs are 
cut up on a machine called a coping machine. It somewhat 
resembles an iron planer, being provided with a thin elastic 
wheel which is operated wet. Coping wheels often are fur- 
nished with a steel center. Marble sections are surfaced on a 
machine called a drum rubber. It also resembles a planer, 
but the wheel is a long, sectional (^linder, usually carbide of 
silicon. A hand-operated machine carrsdng a head equipped 
with a number of alumina abrasive hones is used for final 
surfacing in many instances. The hone head is located on the 
end of a vertical spindle, so arranged that it can be passed 
over any part of the work. These hones are fine grit artificial 
corundum, generally. Form grinding of such parts as hand 
rails for stairways is performed readily on the planer type 
machine with a wheel formed for the desired shape. Balusters 
are rotated and ground to shape on special lathes by means of 
form wheels also. 

Marble Floor SuBFAaNC 

Surfacing machines of various types equipped with abrasive 
wheels or blocks are used extensively for finishing terrazzo, 
mosaic and marble floors, while abrasive rubbing bricks are 
employed by hand for working close to walls and in oiher places 
that cannot be reached readily by a surfacing machine, accord- 
ing to K H. Lansing. 

A terrazzo floor is composed of small chips of rnsrhls 
set in cement The pieces may be of one or several colors, while 
different colored cements also are used in laying intricate de- 
signs. Such floors are quite durable. Mosaic work is a fine 
art handed down from remote times. It consists of fitting 
small pieces of variously colored materials together to form 
a design. As applied to modem floors, small pieces of differ- 
ent colored stones, usually marble, are employed. A marble 
floor is made of tiles, usually square, which are set on a cement 
bed. The tiles may be of one or various colors. One design 
embodies white and black squares set alternately to form a 
checker-board effect. 

The first step in laying a terrazzo floor is to form a con- 
crete bed. This bed is permitted to set for two or more days. 
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according to climatic conditions. The time necessary for it to 
set is determined wholly by experience. The next step con- 
sists of laying a so-called scratch coat which is composed of 
cement and fine, white sand. Some floor workers, however, do 
not consider this coat necessary. The pieces of marble are 
mixed with white cement, the quantity of the ingredients 
depending, of coarse, on the size of the floor to be made. The 
cement is mixed first and then the marble chips are added until 
the mixture is brought to the correct consistency. The mix- 
ture then is shoveled in place on the scratched coat and is 
allowed to set. As the floor sets, the marble pieces, being 
slightly heavier than the cement, settle to the bottom forming 
a closely bonded mass. 

The next procedure consists of leveling the floor. This 
work is performed with a floor surfacing machine. Several 
types of these machines are in use, but they all embody a vertical 
shaft on the lower end of which a solid or sectional wheel is 
fitted. The vertical shaft is driven by an electric motor, the 
entire device being mounted on a track so that it can be moved 
over the floor readily. Means are provided for setting the 
wheel down to the work, while current is supplied by a cable 
connected to an electric circuit. When sectional wheels are used 
they are composed of blocks of various shapes which fit in a 
holder. Several abrasive wheel manufacturing companies supply 
these blocks. The principal abrasives used in making the blocks 
are carbide of silicon and aluminum oxide, while also natural 
stone hones are employed. The preliminary surfacing opera- 
tion consists of wetting the floor and sprinkling it with white 
sand. Then the surfacing machine is brought into use. It is 
pushed over the floor slowly by hand while the abrasive wheel 
or blocks cuts away the upper surface of the cement until the 
pieces of marble are exposed. The operation is continued until 
the floor is level. 

A thin cement coat next is spread over the floor, the 
object of which is to fill up any small holes. This operation is 
termed grading. After the floor is graded it usually is left 
until the building is finished so that the final finishing opera- 
tion can be performed after the floor has been subjected to 
rough usage during building operations. The next operation, 
termed second gritting, consists of going over the floor care- 
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fully with the surfadnsr machine. This operation, of course, 
removes the fl"*! coat of cement leaving the floor smooth and 
level. Two more surfacing operations called third gritting and 
honing, respectively, are employed to bring the floor to the 
desired finish. The grits and grades supplied by the Carborun- 
dum Co. for this work are 40 grit, M grade, vitrified bond for 
the first roughing; 80 grit, M grade, vitrified bond for the sec- 
ond gritting; 160 grit, M grade, for the third gritting and FF 
grit, % grade, for honing. Carborundum blocks are used for the 
first and second operation; carborundum alosdte for the third 
and fourth. The ^ grade above mentioned refers to shellac 
bond. The hand rubbing bricks are of several grits running 
from 20 to 80. One type of brick is provided with angular 
slots on each side to facilitate the abrasive action. 

In laying a mosaic floor the concrete bed is similar to that 
of a terrazzo floor. However, some operators prefer to lay an 
extra coat over the scratch coat, the mosaic pieces being pressed 
into the cement and held level by wood blocks and weights. 
Aiflft in laying a mosaic floor it is the custom of some con- 
tactors to form the design by pasting the marble blocks to a 
stiff paper backing in strips from one to three feet wide. These 
strips are laid with the paper upward and, of course, the paper 
is removed as the finishing operation proceeds. 

A tile fioor is laid in practically the same manner, but 
these floors are not alwa]rs surfaced. In some instances, how- 
ever, they are leveled with a surfacing machine. Old floors that 
have been worn to some extent can be repaired readily by fit- 
ting in new sections where the most wear is apparent, after 
which the entire floor is resurfaced. Not all surfacing machines 
are designed to work close to walls so that hand blocks must be 
used to a considerable extent, especially on walls and columns. 
However, abrasive wheels carried on flexible shafts have been 
employed on this work to advantage. 

NiEEDi^ Making 

The material used in TnaMng of hand sewing needles at the 
plant of Milward & Sons, according to Joseph Horton, is steel 
wire of 0.86 to 1.1 per cent carbon content^ depending on the 
«i.€ia of goods for whidi it is required. It is produced from 
high-grade crucible steel rods at the company’s wire mills at 
The various gages of wire are cut at the wire mill to 
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the leQsrtbs required, each \vire being the length of two needles. 
They are sent in 7, 14 or 28 pound bundles to the Bedditch 
mill- A typical bundle of ^'packet” for the production of size 8 
sharp’s needles, or the ordinary housewife’s needle weighs 14 
pounds and contains 72,000 wires, 0.024-mdi diameter and 2% 
inches long, or sufficient to produce 144,000 needles 1 7/16 inches 
long. 

B’rom the commencement of manufacture, each pacdcet of 
wires is accompanied by a work ticket, on which is recorded 
the names of all operators handling the wires or needles and 
also the waste and quantities sent forward at every process. 
By means of the records kept in connection with these tickets, 
any needle can be traced back to the billet of steel from which 
it came. The largest hand sewing needle in regular manufacture 
is 0.014-inch in diameter and 6 inches long, while the smallest 
is 0.006-inch in diameter and is used for stringing small seed 
pearls. 

Before machining operations begin, the wires are placed in 
rings of suitable size, heated to an annealing temperature and 
rubbed with a flat face bar. This serves to straighten each wire 
by removing the slight curve left by the cutting machines, leav- 
ing the wires perfectly soft and straight. In this form, the wires 
are known as "stiffs.” 

The "stiffs” now pass to the flrst abrasive operation, point- 
ing. The points are formed in a grinding machine of a standard 
iype generally employed in wire pointing operations and exten- 
sively used by the makers of talking machine needles and the 
numerous varieties of steel points used in the textile industries. 
Formerly the wires were fed to the grinding wheels by hand, 
the operator sitting right over the stone. In those days, a point- 
er’s life was a short one, due to the steel and abrasive dust 
which he inhaled as well as casualties due to bursting stones. 
To this day, a “pointers thirst” is a bsnvord in the district. The 
operation is entirely freed from danger by efficient dust removal 
systems and the care taken by the manufacturer of abrasive 
wheels to test them thoroughly and to state the speeds at which 
they should be run. The grinding machines are fltted with effi- 
cient guards. 

The wheels generally used are concave faced manufactured 
for the purpose. The face has a radius of 8 to 7 Inches, accord- 
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ing to requirements and the wheels vary from 16 to 24 inches in 
diameter and from 8 to 4 inches face. The operation of pointing 
is semiautomatic, the wires being fed in a continuous stream 
across the face of the wheels and the operator only being re- 
quired to prevent “jams” or “crosses." 

A sm^ wheel, or roU, faced with rubber meets the wires at 
right angles to the axis of the grinding wheel and in the concave 
face, carries the wires across, revolving each wire against a 
rubber-faced stationary saddle. Due to the axis of the roll 
being set slightly out of the right angle the wires first are ground 
at the extreme point. This operation “sets” the wire while the 
second stage grinds the long taper required. After one end 
of each wire has been ground, they are turned round and put 
through the machine again. Thus eadi wire is pointed on 
both ends. 

The wheels require frequent dressing and considerable 
skill is required in setting up the machine. It has been found 
economical to have a skilled pointer to every madiine except 
for the larger sizes of fish hook wires, knitting needles and 
crochet hooks. To keep the stiffs apart from each other 
and make them roll freely in passing through this machine and 
in later processes, they are frequently dusted with lycopodium, a 
powder produced from the fronds of ferns. 

The mixture of abrasive and steel dust removed from the 
dust collecting plant is in great demand in the district for the 
construction of garden paths as when damp it settles into 
a solid form whidi appears indestructible. It cannot be used 
for roadmaking, unfortunately, as it contains a large quantiiy 
of steel points. These work through the material, however 
hard it sets, under the vibration set up by automobile 
with disastrous results to the tires. 

The next operation which is also an abrasive one is termed 
“skimming” and consists of cleaning the oxide and scale from 
the surface of the steel about the middle of eadi wire. It is 
effected by passing the wires over a rapidly running emery 
band, the wires being traversed across the band by two revolv- 
ing disks running on the same axis as the band but at a 
greatly reduced speed. The wires are revolved by passing 
along a fixed rubber-covered saddle. 

The wires are now termed “points” and pass on to the “mak- 


466 



MISCELLANEOUS ABRASIVE OPERATIONS 


ing” iirocesses. The production of tibe eye of the needle is 
effected in two operationB by an ingenious twh The first opera- 
tion impresses the form of the two eyes on each point, or wire, 
and the second one punches out the blanks from the center 
of the eye impressions. The madiine is automatic and pro- 
duces about 7000 complete blanks or 14,000 needles per hour 
The chief feature of the machine is the arrangement by which 
the needles are delivered to the tools in the exact position 
necessary for impressing the blank and pundiing out the eye 
by means of an air blast and air suction. After the wires 
are stamped and eyed, they are broken into single needles by 
hand, young girls taking up large handfuls and with a dextrous 
movement, dividing them between the eyes. 

The needles, as they now are, pass to the next abrasive 
operation which removes the waste metal or “splash” thrown up 
around the sides of the eye by the stamping or impressing 
process. The same machine at a different setting, shapes the 
head above the eye. The needles are fed into grooves on the 
flanges of a wheel. The wheel revolves on to a tightly stretched 
rubber band which holds the needles in place and revolves them 
individually as they pass across the concave face of a small 
abrasive wheel about 8 inches in diameter. 

The needles are now heat-treated and it is on the harden- 
ing and tempering processes that a large part of the reputation 
for quality enjoyed by English needles has been built. Great 
care is exercised to produce absolute uniformity and the latest 
types of furnaces and pyrometric methods are employed. Much 
waste (which is the bugbear of the needlemaker) can be made 
at these processes by lack of a little care or attention. It is 
interesting to note that the needles are not brought to the final 
temper in the tempering process, it being left to the polishing 
operation and the heat developed there to produce the temper 
for which needles are justly famous. 

After heat-treatment, the needles undergo the scouring or 
polishing process which is the last abrasive operation. The 
present method of polishing needles has come down almost 
imchanged for 200 years and while frankly admitted to be clumsy 
and uneconomical, it has not been found possible either to sub- 
stitute another system or improve the present one to give the 
qualiiy of finish required; together with a sufficimitly low per- 
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oeatage of waste. In passing it is of interest to note that it 
has been found through much experiment that no rust-proofing 
process, such as various methods or plating, are nearly so 
proof against rust and corrosion as a well scoured and finished 
needle by the old-fashioned method. The method of scouring 
is as follows: The needles are mixed with an abrasive consist- 
ing of emery powder, soft soap and water, they are tied up in 
bundles with canvas and cord, each bundle conti^ng a “packet” 
of needles and resembling a large sausage about 18 inches long 
and S to 4 inches in diameter. 

The scouring machines consist of heavy irunners which are 
oscillated badEward and forward over a solid table faced with 
steel. The needle packs are placed between the moving runner 
and tile table and roll continuously for about a week. It is esti- 
mated tiiat during this time, they travel a distance of some 
thirty miles. From time to time during the process, water has 
to be added to prevent the package running “dry,” which would 
cause the needles to rust. Also the canvas and cord have to be 
renewed. The pressure or load on the runners is varied accord- 
ing to the size of the needles being polished. It is here that tiie 
heat is generated which produces the final temper. After leaving 
the scouring machines, the needles are thoroughly washed and 
dried in hot sawdust, the separation of the needles from the 
dust being carried out by a process probably derived from the 
old manner of winnowing grain. 

The needle now is a finished article, but still it has to go 
through sorting, grading for length, and examination processes. 
Every needle is individually examined by skilled 'Viewers” for 
every one of the numerous defects to which it is liable. The 
speed and dexterity of the observers is wonderful. After the 
viewing process, the needles are stored until actually required 
for delivery to the customer, when they are counted out and 
packed into the various forms of paper and wrapper with which 
we are all familiar. 

The abrasive operations in the manufacture of fish hooks, 
knitting needles and crochet hooks are not essentially different, 
the pointing of the highest grade of fish hooks however, not 
being a grinding process at all but being done by hand workers 
with a file. 

It is interesting to note that the average production of 
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needles at the Milward plant is about 16,000,000 per week, that 
about 600 employes are engaged in needle making and prepar- 
ing the papers and wrappers, of whom about 400 are women 
and girls. 


Pbabl Grinding 

Large quantites of pearl are made into novdties, handles, 
buttons, etc., the raw material being the shells of univalves and 
bivalves. Univalves generally are larger shells found in salt 
water, while fresh-water pearl is derived from dams found in 
the Mississippi river and its tributaries. Pearl is a difficult 
material to fabricate without abrasives and for this reason 
carbide of silicon wheels are used almost exdusively in the 
industry. The method followed in making pearl revolver handles 
is typical of that followed in malri-ng up any small pearl parts. 
The process is as follows: 

After the pearl shdls are sawed to size, they are ground on 
carbide of silicon wheds in 40 grit and a medium hard grade. 
In this operation the workman guides the material by hand so 
that considerable skill is required in the operation. However, 
templates often are used in getting the desired contours. The 
parts then are polished on leather wheels set up with No. 150 
carbide of silicon grain. Next they are buffed on felt wheds 
with pumice as an abrasive. This leaves a smooth, dull finish. 
The luster is brought out by buffing on muslin wheels with 
rouge as an abrasive medium. The foregoing process is used 
in all varieties of pearl novdty work. 

A number of abrasive processes are followed in the manu- 
facture of pearl buttons. The blanks are cut from the shells 
by tube dnlls and then put through a backing machine which 
grinds the blanks all to one thickness. Next the front side of 
the button is turned. Then the back side is ground to the 
desired contour by holding it in a chuck and revolving it against 
a formed wheel. The holes are drilled and the final finish im- 
parted by tumbling in special solutions such as pumice powder 
and water or weak acid. 

Special machines also are employed for making buttons. 
Such machines are semiautomatic in motion and they perform 
several of the foregoing operations one after another. 
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FOBCELAIN GBIMSINO 

Porcelain sjmip jars, trays, and slabs are used in multiples 
in soda fountain equipment and as it is essential that these parts 
be fitted closely together to make a neat appearance, it has been 
found that this can be attained very quicl^ by wet grinding on 
a double ring wheel grinding machine which grinds both sides 
simultaneously at one setting or chuddng of the parts, accord- 
ing to Charles H. Besly & Co. In the manufacture of these 
parts, a slight offset is made in the top part of the jar or part 
where they are fitted together. This projection is made as 
narrow as possible to reduce the grinding area and increase 
production as also reducing the liability of breakage in the 
grinding operation. 

The fixtures used for locating the work are grey iron 
and all parts coming in contact with the porcelain are lined 
with wood, secured to the castings with brass screws. Hard 
nut plft specially treated to withstand t^e soaking effect of cool- 
ing lubricant is used for the liners. They have a tendency to 
act as a cushion and reduce vibration as also keep the work 
from coming in contact with any metal part of the fixture which 
has become rusted and which would be transferred to the work 
and cause discoloroation. Brass or bronze metal can be used 
in the fixture construction in place of the grey iron if desired 
but is not necessary when wood liners are used. Four fixtures 
were designed to take care of nine different parts, none of them 
being exactly alike. In some of the fixtures the work is held 
loosely in place which allows it to fioat between the griading 
wheels. This reduces the strain on the work itself as also 
makes it possible to remove automatically about the same amount 
of stock from each side of the work. 

Some pieces require to be rigidly chucked. This is accom- 
plished wiGiout danger of cracking with treated wood-lined 
clamps and straps. This type of grinding equipment on the 
work in question is far more efiicient in accuracy and pro- 
duction than the old time rubbing bed method which renders 
results in accordance with the method employed by the operator 
in holding the work in place. In many cases accuracy in size 
and right angles and parallelism are difiicult to obtain on the 
rubbing bed, while with modem equipment it is merely a matter 
of placing tihe work in the machine. 
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REcomNa MmuNG Cutters 

The practice of generating new teeth in milling cutters 
without annealing them is not new and at the present time 
a number of concerns cater to this class of work. These shops 
are equipped with efficient tools for carrying out the work and, 
in some instances, the processes are guarded carefully so that 
they are not public knowledge. 

However, ordinary Tnilliwg cutters can be recut at a profit 
by any mechanic on an ordinary cutter grinding machine such 
as used for sharpening formed cutters. It must not be inferred, 
however, that this work can be done as economicaUy in this 
way as it is prosecuted in a regular recutting shop. In Fig. 8 
the view at the left is a section of a worn cutter with the pre- 
liminary recutting operation in progress, while the illustration 
at the right shows the second recutting step. The cutter is 




wo. 8— PaOGBBSaiTB STEPS IN BSOUTKING A HILLINQ OU'ITEE 

mounted on an arbor and gashed out all around, as tiie illus- 
tration shows. The object of this procedure is to leave a place 
for the comer of the recutting wheel. The gashing operation 
is performed with an alumina abrasive wheel in elastic bond. 
The work is fed back and forth and a cut of about 0.002-inch 
in depth taken at each pass. Experience will teach the operator 
as to the correct depth of cut. After the cutter is gashed out 
all around it is recut with a wheel trued at an angle as the 
view at the right shows. The teeth are ground until the lands 
are about 0.01-inch wide. If the operation can be performed 
wet it will be more economical than if done dry. However, 
the average equipment suited for this work is not always 
arranged for wet grinding. If the cutters must be recut dry, 
care should be exercised not to make the cut deep enough to 
draw the temper. 
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The wheels should be about 46 grit in medium grades. N 
set rule can be given for their selection, but any grinding whei 
manufacturer can supply them if he is given data pertainin 
to thdr use. In aU instances they should be alumina abrasivei 

At the plant of the King Tool Grinding Co. a batter 
of modem grinding machines is kept constantly busy o 
tool regrinding work. The process used eliminates the prt 
liminary gashing operation. The first step in reclaiming cu1 
ters is to grind the peripheries. This is accomplished by mouni 
ing the cutter on an arbor which is placed between the center 
of a (^lindrical grinder. Sides of the cutter then are groun 
flat and true. The cutter is mounted on a rotary magnet! 
chuck while the wheel is fed bade and forth over it. Jue 
enough metal is removed to true up the sides. The wheel i 
manufactured alumina, 10 inches in diameter, %-inch face, 6 
grit> J grade, vitrified bond. It is operated at a surface spee 
of 6000 feet per minute, and the work is handled dry. 

The next step consists of cutting the teeth. The prindpl 
is exactly the same as followed in ordinary cutter maTriiif 
except that an abrasive wheel is the cutting agent instead o 
a milling cutter. For cutting the side teeth the cutter i 
mounted on a compound head set to generate the necessar; 
angle while the wheel face also is beveled. The remarkabl 
feature of this operation is the ability of the wheel to stani 
upon the comer; a no mean problem for the wheel manufacture 
to solve. The teeth are ground one at a time, the cutter beini 
positioned by a guide finder as in ordinary cutter sharpeniu] 
practice. 

In cutting the peripheral teeth, the work is mounted oi 
an arbor which is placed between centers. After the side ani 
peripheral teeth are cut, they are sharpened by backing then 
off to generate the necessary cutting angles. Spiral cutters ar 
reclaimed as readily as straight ones. Milling saws are recu 
by placing several on an arbor at once. The recutting of ream 
ers is performed by practically the same method followed wit! 
cutters. 

Sandblasting Fbactice 

The sandblast process is not new as many suppose as th* 
practice of abrading materials with an air or steam blast o 
sand has been in use for at least 50 years. It is said tba 
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observations of the action of beach sand when violently blown 
on glass windows by storms gave the suggestion for the method. 
The first attempts at sandblasting consisted of imparting vari- 
ous intricate designs on glass. The material was covered with 
a stencil so that tibe sand acted only on exposed portions. 

Latter day sandblasting is used in foundries for cleaning 
castings, in heat treating rooms for cleaning parts as they come 
from the quenching batiis, for removing paint from metallic 
surfaces and for cleaning buildings. Various materials are 
used, such as silica sand flint quartz, a special material termed 
flint shot and chilled-iron metallio abrasives. The material to 
use depends on the nature of the work and experimentation 
only can serve as the best guide. In general it can be stated 
that ordinary sand is too soft. Quartz sand is harder, flint 
sliot possesses many valuable characteristics and the metallic 
abrasives also are used extensively. 

Various types of sandblast equipment are in use. The 
earliest form consisted of a sandblast chamber which was simply 
a room closed from the rest of the shop and equipped with 
a sand hose. Present-day sandblast rooms are equipped with 
efficient exhaust systems so that the air is changed constantly. 
Some are fitted with traveling conveyances that carry the mate- 
rials to be cleaned through the room from side to side and in 
other cases with revolving tables or gratings that carry the 
castings slowly around in a circle. Thus the operator can 
perform his part by standing in one position. For cleaning 
large castings, an overhead trolley is provided for conveying 
purposes. Trucks and truck racks also are used and in some 
instances elevated platforms are provided on which the opera- 
tor places the work. In cases where the operator must work 
in a sandblast chamber, he should wear a helmet equipped with 
an air line to provide him with pure air. 

The revolving table outfit is a modification of the sand- 
blast room. It is used chiefly for cleaning large castings that 
csmnot be handled readily by other means. The castings are 
located on a revolving table which is from six to twelve feet 
in diameter. The rear half of the table is covered by a cham- 
ber fitted with sandblast nozzles. This chamber is separated 
from the outer room by slitted leather curtains. The castings 
pass under or through these curtains readily. As they enter 
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The wheels should be about 46 grit in medium grades. No 
set rule can be given for their selection, but any grinding wheel 
manufacturer can supply them if he is given data pertaining 
to their use. In all instances they should be alumina abrasives. 

At the plant of the King Tool Grinding Co. a battery 
of modem grinding machines is kept constantly busy on 
tool regrinding work. The process used eliminates the pre- 
liminary gashing operation. The first step in reclaiming cut- 
ters is to grind the peripheries. This is accomplished by mount- 
ing the cutter on an arbor which is placed between the centers 
of a cylindrical grinder. Sides of the cutter then are ground 
flat and tme. The cutter is mounted on a rotary magnetic 
chuck while the whed is fed back and forth over it. Just 
enough metal is removed to true up the sides. The whed is 
manufactured alumina, 10 inches in diameter, )J4-iach face, 60 
grit, J grade, vitrified bond. It is operated at a surface speed 
of 6000 feet per minute, and the work is handled dry. 

The next step consists of cutting the teeth. The principle 
is exacitly the same as followed in ordinary cutter making, 
except that an abrasive wheel is the cutting agent instead of 
a milling cutter. For cutting the side teeth the cutter is 
mounted on a compound head set to generate the necessary 
angle while Ihe wheel face also is beveled. The remarkable 
feature of this operation is the ability of the wheel to stand 
upon the comer; a no mean problem for the wheel manufacturer 
to solve. The teeth are ground one at a time, the cutter being 
positioned by a guide finder as in ordinary cutter sharpening 
practice. 

In cutting the peripheral teeth, the work is mounted on 
an arbor which is placed between centers. After the side and 
peripheral teeth are cut, they are sharpened by backing 
oft to generate the necessary cutting angles. Spiral cutters are 
reclaimed as readily as straight ones. Milling saws are recut 
by placing several on an arbor at once. The recutting of ream- 
ers is performed by practically the same method followed with 
cutters. 

Sandblasting Pbactice 

The sandblast process is not now as many suppose as the 
practice of abrading materials with an air or steam blast of 
sand has been in use for at least 60 years. It is said that 
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observationB of the action of beach sand when violently blown 
on glass windows by storms gave tiie suggestion for the method. 
The first attempts at sandblasting consisted of imparting vari- 
ous intricate designs on glass. The material was covered with 
a stencil so that the sand acted only on e^^sed portions. 

Latter day sandblasting is used in foundries for cleaning 
castings, in heat treating rooms for cleaning parts as they come 
from the quenching baths, for removing paint from metallic 
surfaces and for cleaning buildings. Various materials are 
used, such as silica sand fiint quartz, a special material termed 
fiint shot and chilled-iron metallic abrasives. The material to 
use depends on the nature of the work and experimentatioji 
only can serve as the best guide. In general it can be stated 
that ordinary sand is too soft. Quartz sand is harder, flint 
shot possesses many valuable characteristics and the metallic 
abrasives also are used extensively. 

Various types of sandblast equipment are in use. The 
earliest form consisted of a sandblast chamber whidi was simply 
a room closed from the rest of the shop and equipped with 
a sand hose. Present-day sandblast rooms are equipped with 
efficient exhaust systems so that the air is changed constantly. 
Some are fitted VTith traveling conveyances that carry the mate- 
rials to be cleaned through the room from side to side and in 
otiher with revolving tables or gratings that carry the 

castings slowly around in a circle. Thus the operator can 
perform his part by standing in one position. For cleaning 
large castings, an overhead trolley is provided for conveying 
purposes. Trucks and truck racks also are used and in some 
elevated platforms are provided on which the opera- 
tor places the work. In cases where the operator must work 
in a sandblast chamber, he should wear a helmet equipped with 
an air line to provide him with pure air. 

The revolving table outfit is a modification of the sand- 
blast room. It is used chiefly for cleaning large casti^ that 
cannot be handled readily by other means. The castings are 
located on a revolving table which is from six to twelve feet 
in diameter. The rear half of the table is covered by a cham- 
ber fitted with sandblast nozzles. This chamber is separated 
from the outer room by slitted leather curtains. The castings 
pass under or through these curtains readily. As they enter 
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the chamber they are sandblasted automatically and on emerg- 
ing again they are tamed in position by the operator so that 
on the second trip through the cabinet surfaces are reached 
that were not hit by the blast on the first journey. The process 
of turning the castings is repeated several times until the 
entire surface of each one has been cleaned effectually. The 
waste sand and dust is carried down into a lower chamber then 
upward into a separator, the clean sand being returned for 
re-use. 

The sandblast cabinet is a refinement of the sandblast 
room or chamber. These cabinets are constructed in a variety 
of ways and shapes, ranging from square wood boxes to cylin- 
drical tank-like structures. In each case, however, the opera- 
tion is the same, that of permitting the operator to have both 
hands inside the cabinet while he views the work from the out- 
side through a glass window or a screened opening. In some 
cases the nozzle is stationary, the operator moving the piece 
under the sandblast. In other instances the sand nozzle is 
flexible so that the blast can be directed by the operator at 
will Sandblast cabinets are used mainly for comparatively 
delicate work that is small enough to be handled readily. Auto- 
matic conveyors can be used to advantage in carrying the 
work through the cabinet. 

Sandblast barrels are a modification of the old-time tumb- 
ling mill or rattler. The sandblast barrel revolves slowly so 
that the sandblast jet does the work instead of the erosion 
of the parts against each olher. A sandblast barrel will do 
ten times the amount of work in a given time than can be 
deaned in a rattler. Again, due to the slow speed of the 
barrel, delicate castings can be handled which would be broken 
by tile rough usage in an ordinary tumbling barrel. 

The open sandblast is used for a diversity of purposes, 
such as cleaning stone and brick buildings, deaning castings, 
etc. The work is done in the open with tiie hose and nozzle 
connected with an air compressor and a sand supply. Some- 
times sand is fed by gravity into a column of air under pres- 
sure. In other instances tiie sand and air are mixed under 
pressure. The tank can be portable or stationary. The sand 
gun is an appliance consisting of a hose and nozzle. One end 
of the hose sucks up the sand from a tank or hole while the 
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other end is connected with the nozzle that is directed against 
the work. 

A certain amount of waste accumulates in any sandblast- 
ing operation, as the process always creates a fine dust, while 
also Ihe abrasive wear creates waste material. Means therefore 
are applied for retaining and separating the waste from the 
abrasive material so that it can be used over again. Two 
methods are employed: centrifugal separation and bolting. The 
former method is the simpler. In the bolting method wire 
screens or bolting doth are used. The bolting element can be 
a long tube in which the descending dust is met with an 
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ascending column of air. The heavier partides fall to the 
bottom and the finer are blown out at the top into a receiver. 

After separation, means must be provided for carrying 
away the dust without blowing it all over the premises. Such 
devices consist of overhead hoppers with tubular fabric spouts 
to convey the dust into closed receptacles. Another solution 
of the problem is found by moistening the dust with a water 
spray or steam jet which coagulates and precipitates it. The 
latter method has been used with excellent results. 

A novel use for the sandblast process is the cutting 
of letters and designs on monuments. The process is com- 
paratively simple and is said to be superior to lettering by 
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hand or with the aid of air chisels. The accompanyinsr illustra- 
tions, which were supplied by the Pangbom Corp., show 
how the sandblast process is used in monumental yards. 
First the operator unrolls enough of a specially pre- 
pared stencil to cover the “die” as the stone face is called. 
The stencil, Fis;. 9, must be wide enough to project about an 
inch all around the die. Then the stencil is wet with sponge 
and hot water until the composition on the stencil face is 



FIG. 12— THE PABTS OP THE STENOIL 
OVEB FOBTIONS TO BE ACTED ON 
BY THE SAN DBLA ST ABE 
BEHOVED 



F IG. 11— THE DESIGN IS OUT AWAY 
WITH A SHAR P KNIFE FOLLOW- 
INO THE ODTUNB JUST 
DBAWN 


FIG. 1*— THIS STONE IS READY TO 
BE TAKEN TO THE SANDBLAST 
BOOH FOB THE ABRASIVE 
PBOOESS 
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moistened sufficiently to cause it to adhere to the die face. 
Next the moistened side of the stencil is placed over the die 
and rolled in place with a hand roller provided for this purpose. 

Considerable skill is required in the next step, which con- 
sists of laying out the design as shown in Fig. 10. Then the 
outline of the inscription is cut with a sharp knife as shown 
in Fig. 11. The stencil is stripped away as shown in Fig. 12, 
exposing the portions to be acted upon by the sandblast. For 
malriTig raised letters the background is stripped off. When 
sunken letters are wanted the letters are stripped away. The 
stone shown in Fig. 13 is ready to convey to the sandblast 
room. The operator blasts the stone from the outside, looking 
in through a window to observe the process. The abrasive 
action set up can be judged from the fact that a nozzle lasts 
from two to three hours only when the blast is on continuously. 

Both sand and metallic abrasives are used for sandblasting 
monuments. The sand is a dry, white silica product which has 
sharp cutting qualities. This materied can be used many times, 
but it loses about 16 per cent of its volume in dust ea^ time. 
Metallic abrasives cut very fast, require a minimum storage 
space and raise a small amount of dust only. some instances 
sand and metallic abrasives are mixed; the theory being that 
the metallic abrasives cut fast and give a smooth surface, 
while the sand brings up a pleasing relief. One prominent user 
recommends 25 per cent metallic abrasive and 75 per cent sand. 

Sanitary Ware Grinding 

Sanitary ware is a trade term for porcelain coated, cast 
iron sinks, bath tubs, wash basins, etc. The demand for such 
articles has increased enormously during the past decade. A 
number of abrasive operations are followed in iinishing this 
ware. At the plant of the Union Sanitary Works, the first 
i»l<>ftTiiTig operation consists of sandblasting to remove loose 
sand, etc. Pronounced irregularities such as fins and sections 
where gates were broken off next are ground away under swing- 
frame grinders. The work is located on special trucks. For 
instance, a bath tub is set on a regular warehouse truck equipped 
with an extra long base. Portable electric grinders fitted with 
special wheels technically called strawberries from their shape 
are used to advantage for interior surfacing operations. The 
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backs of such pieces and sinks that must fit nicely against a 
wall are surface ground on a special machine wherein the work 
is fed past the face of a large cup or cylinder wheel. Surfaces 
that cannot be reached with wheels are scoured with abrasive 
bricks which are made of wheel stubs. 

The object of grinding the various surfaces is twofold. 
First, exterior surfaces sudb as those on bath tubs must present 
a neat appearance and, again, all surfaces that are to be 
enameled must be clean and free of imperfections. After grind- 
ing the parts again are sandblasted to remove all traces of dirt 
and grease. Grinding is performed with carbide of silicon 
wheels. 

The first finishing coat is a reddish brown pigment which 
is sprayed in place. Then the piece is transfeirred to an oil- 
fired furnace heated to 1700 degrees Fahr. Next it is with- 
drawn and a coat of powdered mineral composition sifted over 
the red-hot surface. This coat fuses and results in the beau- 
tiful finish for which these products are noted. With the sec- 
ond coat laid on carefully the piece again is transferred to 
the flumace for another heating. Sanitary ware will with- 
stand the action of nearly aU substances except certain acids. 
Lemon juice will ruin it. 

Typbweitee-Platbn Grinding 

Platens for typewriters are straight-grain poplar wood. 
The platen is located on its shaft between centers in a plain 
grinding m achi n e and ground straight and true with a carbide 
of silicon wheel in 24 grit operated at a peripheral travel of 
5000 feet per minute. This work, of course, is performed dry. 
Generally an exhaust system is fitted to the machine to carry 
away the dust. Usually the work rotates about 600 revolutions 
a minute. The depth of cut is about 0,05-inch. One operator 
can finish 176 platens an hour running two TnapiliiTipa Aftny 
the rubber covers are put in place on the platens, the outer 
portion is ground smooth. This work is performed with the 
same wheel and in the same manner as followed in grinding 
the wood core. Two cuts are taken and the work speed is about 
600 revolutions per minute. 
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Unique Gbinuing Opebations 

Francis D. Bowman states that grinding wheels are used 
regularly for a number of unique grinding operations. He 
points out that to step aside from the regular course of grind- 
ing practice and to wander through the by-paths brings the 
investigator to the realization that modem abrasives are an 
important factor in the industrial and commercial world. 

Does the modem abrasive engineer re^e that large wheels 
are used for grinding truffles? This statement may be taken 
for a joke, but it is authentic. Traffles are toothsome roots that 
are regarded as rare delicacies. They form an ingredient of 
certain delectable sauce concocted by the French chef and 
sometimes they are served with steaks and the dressings of roast 
fowls. They grow profusely in the region de Perigord in South- 
ern France. They are underground roots of the mushroom 
family. Pigs are extremely partial to truffles, so the truffles 
gatherer enlists the porker’s aid in a practical manner. The 
pig locates the truffle and digs it out Then the truffle himter 
raps the pig on the snout and takes the truffle away before 
it is eaten. 

After the dirt is removed from the truffle it must be 
pared as it has a tough shell about >4-iBch thick. It grieves 
the soul of the thrifty Frenchman to lose any of the edible 
weight of the truffle, so someone devised the plan of grinding 
away the thick skin. Thus the truffle grinding wheel became 
a commercial possibility. Records at the plant of the Car- 
borundum Co. reveal that hundreds of wheels SO inches in 
diameter, 4-inch face, 24 grit, H grade have been supplied for 
this purpose. 

Grinding wheels also are used to a great extent in the 
feather industry for removing the fuzz of featiierlets that grow 
along the quills of such feathers as ostrich plumes. Formerly 
the quills were clipped, but this process was slow and unsatis- 
factory so that grinding wheels were substituted successfully. 
Today grinding wheels are an important factor in the feather 
factory as their labor saving possibilities are realized. 

For many years small grinding wheels have been used by 
dentists for grinding porcelain, that substance which forms 
the outer covering of teeth, but few users of abrasives are 
aware that grinding wheels are used regularly by veterinary 
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surgeons for repairing the teeth of horses. Formerly a file 
was employed for this purpose, the grinding plan originating 
in the British army about 15 years ago. The horse, being a 
highly nervous animal, objects to having his teeth filed, and 
now the operation is performed more rapidly and with less 
trouble with a small carborundum wheel mounted on a fle3dble 
shaft. 

Another peculiar use for grinding wheels consists of finish- 
ing celluloid doUs. These toys are formed in molds, one-half 
at a time, and two sections are joined together. This leaves 
a seam that is removed effectively by grinding with carborundum 
wheels mounted on small bench stands. 

Some years ago the Carborundum Co. received a request 
from Bussia for sets of carborundum blocks. Investigation 
revealed that the blocks were used in a Moscow factory for 
making plush. The factory superintendent experimented with 
carborundum slabs 12 inches long, 2 inches wide and ^-inch 
thick, attached to long handles. The slabs were pushed across 
projecting fibers, the sharp crystals of carborundum raising a 
plush-like surface. 

In the little village of Edar, in Southern Germany, agate, 
sapphire, turquois and other semiprecious stones have been fin- 
ished by grinding for many generations. The only change in 
the grinding method was made when artificial abrasive wheels 
were substituted for grindstones. The operators still lie on 
their stomachs while grinding. Huge logs, partly hollowed out 
and worn smooth through years of use, are placed one in front 
of each wheel, the operators lying face dovmward on these logs 
so that they can grind the work on the bottom of the wheels. 

Grinding wheels also find a unique place in the whaling 
industry. The old practice was to cut the blubber in chunks, 
put it in huge cauldrons and boil out the oil. In the abrasive 
extraction process, a coarse carborundum wheel is used. This 
unit is 24 inches in diameter, 4 to 6-inch face. The chunks of 
blubber are held against the wheel, at the same time being heated 
with steam. The wheel cuts and shreds the blubber into a fine 
pulp which then is passed through a centrifugal separator. It 
is said that this process results in a high quality product that 
is odorless and tasteless, which extends its usefulness. 
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SECTION XIII 

POLISHING AND BUFFING 


The data in this section were selected carefully as pertain- 
ing to up-to-date practice, but even at its best, polishing and 
bui&ng has not had the benefit of the study research have 
been applied to other branches of the abrasive industry. Some 
progress has been made during the past few years, however, 
and automatic polishing and bufing especially have passed the 
experimental stage and now are recognized as necessary where 
they can be employed on long runs of repetition work. The data 
in this section are arranged as follows : 
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POLISHING AND BUFFING 
Automatic Bitfeimo 

Automatic buffing offers a number of advantages, chief among 
which are the increased production and uniformity of output 
Again with automatic machines the workman of ordinary ability 
can turn out a creditable product. As a rule any circular shaped 
article that does not present sharp depressions can be buffed au-. 
tomatically. The function of the machine is to rotate work 
as it is brought in contact with the wheel. 

At the plant of the Aldrich Mfg. Co. automatic polishing 
is followed to a great extent in the manufacturing of sheet metal 
articles. The accompanying illustration is a layout for the opera* 
tion which consists of buffing the insides of copper electric radia- 
tor bowls. The layout embodies two buffing machines so that the 
operator can load and unload one unit while the other is in opera- 
tion. Various kinds of diucks are used for locating the work, 
the design depending upon the shape of the price. Generally 
speaking, a quick acting plant fixture gives good results. 

In finishing many pieces that are buffed automatically it is 
impossible to make the wheel cover the entire surface of the 
work at one setting. In polishing the pieces under consideration 
three cuts are taken, as shown in the accompanying illustration. 
The first cut polishes as much as possible of the bottom and the 
inside surface. In the second cut the location is changed so that 
the wheel bears nearer the rim. The third cut is for the purpose 
of polishing the rim. 

The buffing wheel is stitched muslin, 14 inches in diameter 
and operated at 2200 revolutions per minute. This speed is a 
peripheral travel of approximately 8000 feet per minute. Two 
operations are performed at each setting, cutting down the trlpoll 
and finishing with lime. A final coloring operation is done by 
hand with rouge. The tripoli and lime are apl)lied to one wheel, 
one after another. Thus after cutting down the tripoll, lime in 
cake form is applied to the wheel. This practice has been found 
to result satisfactorily and it is a great saving over the method of 
iiHing a separate wheel for each abrasive, which would necessitate 
the installation of a large number of machines to take care of 
the given output. The buffing machine is a comparatively simple 
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appliance consisting of a base cariying a saddle that is adjust- 
able two ways. The adjustments are controlled by screws and 
hand wheels. The chucking head which is mounted over the sad- 
dle can be adjusted radially. The work spindle is driven by a 
44-borsepower electric motor or by an overhead drive. The work 
is rotated at a normal speed of 26 revolutions per minute. 

In finishing the bodies of copper kettles 14 inches in diameter, 
the work is held over a chuck, while a felt-backed pressure device 
is utilized to keep the part in place. This arrangement is bet- 
ter than a clamping fixture for this particular piece. The work 
can be set forth past the wheel automatically when desired. This 
arrangement is not always used, however, in finishing pieces that 
can be brought into direct contact with a wide-faced wheel. Li 
cases of this kind a polisher is guided by experience in setting up 
the job so that the machine will finish the largest number of post 
possible in a given time. 

Automobile hub caps can be buffed advantageously on auto- 
matic machines. The production of hub caps is enormous as each 
new car requires four while the replacement business is also heavy. 
The brass hub cap for one make of modem price car can 
purchased for a few cents and when it is considered that three 
drawing operations, one threading operation, one trimming opera- 
tion and two bufiSng operations are involved, to say nothing of 
nickel plating, the value of semi-automatic machinery is apparent. 
Heretofore the most expensive operation involved in the manu- 
facture of hub caps is bufiSng before nickel platizig. The material 
is sheet brass and as it comes from the drawing dies its surface 
presents irregularities and slight imperfections that must be 
removed. Otherwise these imperfections will show plainly after 
nickel plating. 

In bufiSng hub caps the machine is equipped with two heads, 
one for each buffing wheel. Each head is fitted with two stations. 
The operator slips a cap over a holder on the end nearest to him 
where it is located by the interhexagonal part The head is then 
given a half revolution which brings the work in contact with the 
buffing wheel. The part rotates slowly so that every portion of its 
surface is finished. While the part is in process of buffing the 
operator changes the work on the loading station, that is the one 
away from the bufiSng wheel. Then he steps over to another side 
of the machine and performs the same operation again. Thus 
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he keeps two hub caps in process of bufSng at one time. The 
wheels are stitched muslin, 16 inches in diameter, 3-inch face, 
operated at 2200 revolutions per minute. This spindle speed im- 
parts a peripheral travel of 9216 feet per minute. This operation 
is economical, as one man can finish 160 hub caps an hour. 

Automatic bufiSng can be mnployed advantageously for fin- 
ishing metal strips on machines such as the Mitchell strip buffer. 
The strips to be buffed are placed on a conveyor belt at the left- 
hand end of the machine which belt carries the work past the 
wheels and discharges it at the right-hand end. The wheel axes 
are parallel with the line of motion of the work. The rate of 
feed is dependent on the nature of the work being buffed, any 
changes in which can be accomplished by dianging sprockets on 
the conveyor drive. The Mitchell machine is equipped with four 
polishing stations, two wheels each being driven by a 10-horse- 
power motor. Each pair of wheels rotate in opposite direction, 
the method of buffing being for one pair of wheds to engage the 
strip of work from approximately the center to one outer edge, 
and the other a pair of wheels approximately from the center 
to the opposite edge. 

Automatic Polishinc 

Automatic bufiSng and polishing often are defined as one op- 
eration, but a radical difference seperates them. BufBng is per- 
formed on cloth or felt wheels to which the abrasive, such as 
rouge or litna, is applied locally, while polishing in the strictest 
of the word is done on wheels set up with abrasive and glue. 

Several types of automatic polishing machines are on the 
market, while also a large number of home-made appliances are 
in use. An interesting example of automatic polishing in the 
cutlery trade consists of polishing the blades of knives on Jones 
polishing machines. Each machine carries two canvas polish- 
ing machines while the work is mounted on a suitable holder and 
set between the two wheels, one wheel polishing each side. Thus 
two sides are finished simultaneously. These wheels operate at a 
peripheral speed of approximately 6000 feet per minute. In 
one plant, the wheels are set up with No. 60 Turkish emery for 
the first operation, while the second polishing is performed with 
the wheels coated with No. 180 emery. A further operation is 
performed with 00 or 000 emery and in this case emery cake also 
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is applied to their wheel This results in a very high commercial 
finish. The fact that the wheels are somewhat flexible enables 
them to flatten out as they pass the work, thus a comparatively 
wide surface can be finished at one setting of the work. For fin- 
ishing very wide knives, however, it is customary to put them 
through each operation twice, a different set-up being provided 
in each case. 

One type of Excelsior automatic polishing machine is equipped 
with a conveyor belt fitted with lugs for carrying the work under 
a series of tra polishing wheels at the rate of 26 feet i>er minute. 
This machine handles a wide range of work. Each wheel is from 
10 to 16 inches in diameter and individually driven by a 7^-horse- 
power motor. Straight-line scratches are eliminated by a device 
that vibrates the feed table sidewise. 

The Boss automatic polishing machine works on a novd 
principle in that it is equipped with a rotary sectional magnetic 
chuck 100 inches in diameter which carries ^e work under four 
polishing stations. The polishing wheels are carried on spindles 
mounted in yokes. The table speed varies from 2/5 to 2/8 toms 
per minute, depending on the nature of the work. Production on 
this machine varies with the nature of the work. Seven-inch 
carpenter plane blades are finished at the rate of 600 per 
hour. This machine also is fitted with vertical spindle carrying 
ring wheels, ring abrasive wheels for performing grinding opera- 
tions before polishing. 

At the plant of the Ireland-Matthews Mfg. Co. a large num- 
ber of automatic polishing operations are carried out, one of 
which consists of polishing metal base rings for heating stoves. 
These rings are nickel plated but before plating the surface must 
be highly polished. This machine carries six wheels and auto- 
matic means for presenting tiie work to the wheels was designed 
by the company's engineers. It can be arranged for itolishing 
round or oval rings. Each work holder is carried by a slowly 
revolving work head at a speed of about 12 revolutions per min- 
ute. The ring is held in place on the holder by a p-l«.Tnpiiig de- 
vice, that consists of two arms equipped with rollers that bear 
against the work to hold it in place. While the holder with 
the work revolves the arms remain stationary. They are thrown 
in position against the work by a quick-acting hand lever. As 
the work revolves slowly its axes changes from the horizontal to 
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the vertical positioii, the object of which is to bring every part 
of the work surface in cont^ with the wheel. 

The plane of the wheel spindle also changes to let the wheel 
face bear on the work, thus as the oval work revolves the wheel 
raises and lowers automatically. The wheels are 6 inches wide. 
The first wheel is canvas set up with 100 emery, the second is 
canvas set up with 140 emery, the third is canvas used with num- 
ber 140 emery cake, the fourth is canvas used with 160 emery 
cake and the fifth and sixth are bull-neck leather used with 160 
emery cake. These wheds are operated at 2200 revolutions per 
minute, imparting a surface speed of 6988 feet per minute. In 
operation the operator places a ring on the first station and as 
soon as it is polished he removes it and puts it on a bench behind 
the second station. Then he passes to the second station, removes 
a finished ring and places it on a bench back of the third sta- 
tion. Thus he walks back and forth changing the work from 
one station to the other. , 

Automatic polishing machines also are used extensively for 
polishing stove plates, particularly top assemblies. Such ma- 
chines carry from one to four wheels which are reciprocated back 
and forth over the work automatically while the work is moved 
sidewise. 

The Schulte polishing machine is used for finishing sheet 
steel It embodies means for feeding the work under one or 
more large polishing drums. The advantage of polishing sheet 
material before fabrication is apparent, as it represents the dif- 
ference between finishing a flat or an irregular surface. Again, 
if parts are to be formed from sheet metal under drawing dies, 
the smoothly polished stodk will flow much better than unpolished 
material. 

Balancing Polishing Wheels 

Correctly balanced polishing wheels are a necessity for a 
wheel that is out of balance pounds the work and does not cut 
effectively. If it is badly out of balance it is dangerous to use. 
Devices used for balancing polishing wheels are of two kinds. One 
type is the so-called balancing ways. The upper surfaces of the 
ways must be leveled accurately. The polishing wheel is placed 
on an arbor and the arbor set on the balancing ways. The wheel 
will rotate until it comes to rest with the heavy side down. Then, 
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in the case of ordinary wood wheels^ the operator tacks a lead 
weight opposite the heavy side to compensate for it. The weight 
should be such that the wheel remains stationary when placed in 
any position on the balancing ways. Such a wheel is said to be 
in standing, or static balance. 

An improved balancing appliance permits the arbor to be 
set on rollers. These rollers are ball bearing and turn very 
easily. The advantage of this device is that it can be used any- 
where without leveling. Otherwise, its operation is ihe same 
as that of the ordinary balancing ways. It will not be out of 
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place here to explain the difference between static and dynamic 
balance, which means the same thing as standing and running 
balance. In any article, such as a polishing wheel, where the 
diameter exceeds the width by a number of times, if the wheel 
is put in good static balance it should run satisfactorily, without 
vibration, that is if operated at a normal speed. If a very slight 
amount of out-of -balance is in evidence, the machine spindle and 
Tniu>hiTift base should absorb this. However, let it be assumed for 
an illustration of the principles of dynamic balancing that two 
polishing wheels, A and B, in the accompanying illustrations, 
were mounted on one arbor. Now suppose a weight is attached 
to one wheel at C; the two wheels and the arbor can be put in 
standing balance by attaching another weight at D, on the oppo- 
site wheel on the opposite side. Now let it be assumed that the 
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part is put on a running balancing machine. It 'will show very 
much out of balance for line A-B, though centrifugal force 'tends 
to straighten oui^ in an attempt to assume the position sho'wn 
at C-D. For this reason the polishing wheel shaft and 
would vibrate very much on the balancing machine. To bring this 
part in running balance it will be necessary to place the offset 
weight directly opposite the first weight that was added, at E. 
Then the piece would be in running balance because the cen- 
trifugal strain would be exerted in one way only. Thus it is ap- 
parent that comparatively thin polishing wheels can be balanced 
satisfactorily by the standing method, but if a wheel is com- 


C A 



— i— I — 

B D 

ACmON OF OBMTUIFUGAL FOfiOF 

paratively wide, such as used on the Schulte machine, it may be 
necessary to put it in dynamic balance. 

The question sometimes is asked if any good would result 
from b^hincing ordinary polishing wheels dynamically after they 
were put in standing balance. No good would be accomplished 
and the extra balancing operation would be a waste of time. 
However, when the standing balance method is used the results 
are not always as the operator desires, for in his haste he some- 
times does not put the wheel in a perfect standing balance, while 
it may be near enough, however, so that the machine in the 
spindle absorbs the vibration. If the running balance method 
were used altogether in place of the static methods perhaps excel- 
lent results would be derived, as it would put the wheels in a 
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perfect running balance so that all vibration would be eliminated. 

In considering some of the larger wheels used for polishing 
such as those 80 inches in diameter and 6-inch face, it is evident 
that theF should be balanced very carefully. On some makes of 
wheels having iron centers, holes are provided in whidi lead 
weights can be placed. By this means the wheel can be balanced 
very accurately. In some polishing rooms it is customary to have 
the wheels balanced directly after they are set up, the work being 
performed in this department. As a general rule, however, the 
polishing machine operator, himself, balances a wheel as soon as 
he takes it out of stock. Either method is, of course, productive 
of good results and it is all a matter of opinion and routine. 
The fact remains, however, that unbalanced wheels should never 
be used as they waste abrasive and, under some conditions, they 
are dangerous. To the best of the author’s knowledge no ma- 
chines have been placed on the market for the running balanc- 
ing of grinding or polishing wheels but in the future such units 
may be introduced and used freely. It is hard to predict ac- 
curately what will happen in the abrasive industry, as great 
strides are being made yearly and the fact is becoming recog- 
nized that the better balanced the wheel, the better will be the 
output. 

Binders fob Buffing Compounds 

Binders used for making buffing compositions should possess 
several characteristics. The finished cake must be sufficiency hard 
to avoid at ordinary temperatures breakage, crumbling and in 
application to the wheel. The melting point must be correct so 
that the right amount of material can be applied to the wheel. 
If the binder is too soft it will wear away too rapidly. The 
binder must be of a nature to be taken up by the wheel readily 
and it must possess a certain amount of lubricating quality to 
avoid undue heating. It must not glaze the wheel or accumulate 
in hard particle. Also it must not smut or burn the work or 
leave a noticeable deposit on the work. If after h nfflng the work 
Is to be cleaned for plating, the binder must be of a nature to 
saponify readily so that it can be removed by the cleaning solu- 
tion. Quite a variety of materials are used for the binders in 
question, a few of which follow. 

Stearic acid is a complex organic add material at normal 
temperatures presenting a white crystalline appearance with 
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waxy characteristics. It is manufactured from tallow by the 
process of saponification as also are oleic acid and glycerine. 
Also it can be prepared from other substances by distillation. 
It is hard, but not brittle and it permits tlie cake of abrasive 
materirf to be worn down by the wheel without breaking or 
crumbling. This material is comparatively expensive while also 
its price fiuctuates to quite an extent Petrolatum is Pennsyl- 
vama parafSn-base material and while it is expensive it win-iraa 
an ideal binder for polishing compositions. It adheres well to the 
wheel and lubricates without charring or glazing. Tallow should 
be of the open kettle rendered edible type and of the best quality. 
ParaflSn is a pure white wax distilled from Pennsylvania oil. 

Buff Stick 

A device used for truing doth buffing wheels. A buff stick is 
made by coating a hardwood stick, about one ■ ■ ■■ 
foot long, with glue and abrasive such as emery 
silicon. Several coats of glue and abrasive are ap^uou 
ivdy. When the stick is brought against the wheel per 
cuts away the ragged fibers of doth, forming a fiat o' 
shape surface as desired. In other words, a buff stick 
same relation to a buffing whed as does a star-whed dj 
a grinding whed. 


Buffing Suggestions 

If the bufSng whed is operated at too low a speed, ihe work 
tends to tear the abrasive away. If the speed is too high the 
buff will be burned. Low speeds are permissible for Hmall work 
and also for comparativdy small diameter wheds. Average 
peripheral speeds for bufilng range from 7500 to 10,600 feet 
per minute. A little buffing composition should be applied at a 
time by holding the cake lightly against the whed. Too muck 
pressure will result in an excess amount of abrasive material 
bdng used and the excess grease will smut the work prevent- 
ing abradve action. Again, the excessive friction set up by too 
much pressure will waste the material which will fiy off the 
whed. Different speeds should be used for cutting down and 
coloring and a separate wheel for each operation is preferable. 
When a buff becomes greasy, it should be cleaned with a buff 
stick or an old file. Then by applying the buffing composition 
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lightly and quickly a few times the wheel will be brought back 
into working condition. 

Cost of Buffing 

The cost of buffing operations is dependent on many items 
such as wages, overhead, fixed charges, cost of buffs, value of 
work that will not pass inspection, etc. Thus the cost per finished 
piece depends on the number of articles buffed per hour, the 
value of buffs and buffing material used, etc. In graeral, it can 
be stated that low-price materials are dear in the long run so 
that it pays to buy first-class supplies. 

Gbain Sizes fob Polishing 

The exact size of abrasive grain to be used for a specific 
polishing operation can be determined by experiment only. How- 
ever, in considering a number of polishing operations the Abrasive 
Go. suggests the following sizes. The range is between the num- 
bers used in ordinary practice: 


Part polished Grain size 

Aluminum castings 46 to 180 

Aluminum ware (stamped) 60 to FF 

Anger bits 60 to 120 

Auto parts 24 to 180 

Axes 24 to 150 

Balls (steel) 60 to FFF 

Bicycle parts 60 to 120 

Bolts and screws 46 to 90 

Brass 24 to FFF 

Bronze 24 to FFF 

Builders’ hardware 60 to 220 

Bumpers (auto) 46 to 60 

Butders’ tools 46 to 160 

Carpenters’ tools 86 to 180 

Gash registers 60 it> 160 

Cast iron 46 to 

CofiQn hardware 60 to FFF 

Copper 46 to 180 

Culuvator discs 24 to 86 

Cut glass 90 to 120 

Cutlery 20 to FFF 

Dental instruments 60 to 220 

Disc wheels 46 to 60 

Drills (flute scouring) 36 to 60 

Electric irons * 60 to 80 

Electric fans * 80 to 160 
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Part polished Grain size 

Fiber 60 to 120 

Files (renewing surface) 80 to 46 

Pireanns 46 to PPF 

Fire ezidngnishera * 60 to 160 

Flat irons * 60 to 80 

Forgings (steel) 24 to 150 

Furnaces 24 to 46 

Garden tools * 86 to 90 

Gages (steel) * a. 60 to FFF 

German silver a 100 to FF 

Glass (beveling) 70 to 150 

Glass (snifacing) 180 to FFF 

GImb (cut) 90 to 120 

Granite 60 to 90 

Hammers 86 to 160 

Hoes a .a 86 to 100 

Iron beds 46 to 70 

Knives 12 to FFF 

Lapping (steel) 90 to FFF 

Lenses 60 to FFF 

Lithographic stones 60 to 90 

Locks 60 to 160 

Machine parts 24 to 220 

Marble 200 

Masons^ tools 60 to 120 

Mattocks 46 to 120 

Met^ furniture 86 to 150 

Mirror beveling 70 to 150 

Monel metal 100 to FFF 

Motor parte 24 to 180 

Musical instruments 60 to FFF 

Optical work 60 to FFF 

Piano parts - - 90 to 220 

Picks 46 to 120 

Plate glass (beveling) 70 to 150 

Plate glass (surfacing) 180 to FFF 

Platinum 100 to FFF 

Pliers 46 to 120 

Plows 80 to 80 

Radiators (iron) 46 to 60 

Radio parts 60 to 220 

Kazors * * 180 to 180 

Registers (heat) 60 to 70 

Rubber (hard) 46 to FFF 

Rubber tires (roughing) 10 to 86 


Sad irons 

Safe deposit boxes 

Safes 

Sandblasting 


60 to 160 
36 to 160 
8 to 24 
12 to 86 
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Fartpoliditd 

SawB 

Scales 

Screws and bolts 

Sewing madune parts 

Shears 

Shovels 

Showcases 

Silverware 

Skates 

Spark plugs 

Springs <leaf) 

Stampings (brass) .... 

Stampings (steel) 

Steel 

Sted castings 

Steel (high-speed) .... 

Stoneware 

Stove parts 

Surgical instruments .. 

Taps (flute polidiing) 

Tools 

Tubing 

Type^ter parts 

Vacuum cleaners 

Valves 

Vises 

Wrenches 


Grain sise 
60 to FPP 
86 to 160 
46 to 90 
60 to P 
64 to PP 
80 to 120 
60 to 120 
60 to PPF 
60 to P 
80 to P 
86 to 60 
46 to P 
86 to 180 
24 to 160 
12 to 24 
86 to 120 
24 to 60 
86 to P 
60 to PPF 

86 to 60 
46 to 220 
24 to 180 
60 to P 

60 to 100 
46 to 120 
86 to 100 
80 to 120 


Pneumatic Polishing Wheel 

A device of this kind incorporates a body which is mounted 
on the spindle in the usual way, and a pneumatic element inter- 
posed between the body and the abrasive band which performs 
the cutting. Such whe^ are made in three grades of elasticity. 
They also are made in various sizes so that they can be used on 
polishing lathes or on flexible shafts. 

Polishing Belts 

Polishing belts are made of canvas or other woven materials 
They are set up with glue and abrasive and are used on a bell 
polishing or strapping machine for fiyiiabiTig parts that cannot b( 
handled on ordinary polishing wheels. They are made in vari 
ous vvldths from ^ to 4 inches. 

Polishing and Buffing Wheels 

Polishing and bufSng wheels are of various kinds, each typ* 
being best suited for specific needs. Loose open buffs, some 
Qmes called muslin buffs, are made of cotton sheeting, espedalh 
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adapted for cutting do^ metals 'with polishing composition. 
Buffs run in sizes from 2 to 20 inches generally. 

Sewed-pieced sectional buffs are made of bleached and un- 
bleached cloth. The sections are made of small pieces of doth 
whidi are laid and stitched from the center 'to 'the periphery of 
the wheel. It is said that 'they hold 'the composition longer and 
cut faster than a loose buff. 

Canton-flannel buffs is used for bufSng where a soft wheel 
and a high flnish is desired, such as on jewelry, brass bedsteads 
and automobile lamps. Such buffs are made of doth with a 
flne nap and a heavy bade. They are long lived. Eighteen ply 
is a favorite size. 

Printer’s ink buffing wheels are used for cutting down all 
kinds of brass castings 'with tripoll composition. They hold 
the composition satisfactorily. They are made in loose and pieced 
sections. 

Spanish-fdt wheels are made in three grades known as soft, 
medium and hard. Hard wheds are preferred for polishing 
operations as it holds the glue and emery a long time. Medium 
wheels are used for finiHhiTig flat surfaces and soft wheels for 
buffing surfaces having projections, indentations and bevded 
edges. 

Mexican-fdt wheels cost less than Spanish ones and they 
enjoy an extensive use. Mexican wheels are made of American- 
grown wool and they are used for similar purposes as the 
Spanish wheels, generally in cases where the finish is not so 
important. 

Solid-canvas wheels are used for polishing plow parts, sted 
tools and metals 'with flat surfaces. They are made of heavy 
canvas duck put together with a waterproof cement making a 
slightly flexible surface. These wheels can be shaped to con- 
form to various types of work. 

Stitched and cemented canvas wheels are made up of sev- 
erd disks of canvas sewed together making a section. Several 
sections are then cemented together. This type of construction 
gives a more flexible surface than a solid wheel which has cement 
between each layer of canvas. 

Loose canvas wheds are used where extra resilienqr or 
pliability is required. Generally such wheels are cemented solid 
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for about half way between the hub and periphery. After such 
wheels are set up with glue and abrasive a yielding cushion is 
formed. 

Muslin wheels are made of disks of muslin cloth stitched 
from the center to the periphery. They are made in sections 
the same as buffs and cemented to any desired thickness. They 
generally are dried under hydraulic pressure. They are used for 
polidiing plow parts, tools, shovels, etc. They impart a good 
polish and adapt themsdves to shaped work readily. 

Solid-sheepskin wheels are made of disks of tanned sheep- 
skin leather cemented together from the center to the periphery. 
They are resilient and adapted for fine polishing. 

Sheepskin wheels stitched and cemented are made of whole 
disks of leather stitched together, the rows of stitching being 
from % to 1 inch apart These are durable wheels adapted to 
fine polishing. 

Loose-sheepskin wheels are made of whole disks cemented 
at the center and sewed around the hole. They are used for 
polishing uneven surfaces. They also are made with rows of 
hand sewing, usually one inch apart. 

Walrus wheels are made of walrus or seahorse hide. When 
this material is tanned correctly, it has a tough grain, but on 
account of its peculiar fiber the wheels are quite resilient. They 
are used for fine finishing of table cutlery, brass, silver and 
other soft materials. Also they are used in the manufacture 
of edge tools and hardware specialties. Such wheels can be 
supplied wii^ shaped faces for finishing irregular work. 

Wood wheels are built up of sections of carefully dried 
lumber about %-inch thick laid so that the grain of each sec- 
tion is at right angles with the ones next to it. They are glued 
together and dried under pressure. They are furnished with 
iron centers and faced with oak tanned leather to which the 
abrasive is applied. 

Paper wheels are made of strawboard. They are said to. 
be excellent for hard work such as polishing plow parts, farm 
tools, etc. So-called felt paper wheels are used for fiwiabiTig 
stove trimmings, etc. 

Bull-neck wheels are made of bull-neck leather. They are 
uaed for finishing stove parts and also they can be used in 
place of felt wheels for fi^shing and coloring. They are solid 
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leather and quite resilient. These wheels also are employed for 
a diversity of operations such as finishing brass goods, forged 
tools, etc. Their faces can be shaped. 

Laminated felt wheels are made of disks of wool about 
^-inch thick stitched together. They are used by cut-glass 
manufacturers, for finishing cutlery and for finishing stove 
parts, etc. 

Compress polishing wheels are made with a clamp center 
which holds the periphery, made of a number of radial sections. 
The parts are under compression when the centers are put in 
place. These wheels are made in soft, medium and hard grades 
of various materials such as leather, Mt, walrus hide, canvas, 
paper or muslin. 

Polishing and Buffing Speeds 

No standard rule can be laid down for the speeds of polish- 
ing and bufSng wheels, but according to Frederic B. Stevens, 
the speed should be governed by the nature of the work and the 
abrasive material used, fast speeds generally giving the most 
economical results. Mr. Stevens gives the following speeds for 
polishing and bufBng wheels: 


RevolutionB Per Minute 


Diameter, 

Polishing 

Buffing 

inches 

wheels 

wheels 

S 

8700 

4000 

10 

8000 

8600 

12 

2500 

8200 

14 

2200 

2900 

16 

1900 

2600 

18 

1700 

2200 

20 

1500 

2000 

22 

1400 

1800 

24 

1800 

1700 

26 

1200 

1550 

28 

1100 

1450 

80 

1000 

1850 

82 

050 

1250 

84 

900 

1200 

86 

850 

1100 


Polishing Cooking Utensils 


For polishing aluminum cooking utensils, 

such as pots. 


spiders, etc., a canvas wheel set up with a manufactured 
alumina abrasive in 80, 90 or 100 grain can be used. The grain 


size depends, of course, on the amount of stock to be removed 
and the finish desired. In some cases a little experimentation is 
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necessary to determine the most satisfactory size. If the comers 
are square, the wheel face should be beveled slightly to cause 
the abrasive to reach well into the angles. The bottom of the 
work can also be cleaned in the same operation, if desired, by 
dianging slightly the constouction of the canvas wheel. This 
one operation will impart a fair finish. If a buffed finish Is 
desired, a canvas wheel set up with 150 grain should be used 
after the roughing operation. During the roughing and finish- 
ing operations the wheel, or the work, ifiiould be greased. Other- 
wise the aluminum, regardless of the grain size of the abrasive 
used, will heat and drag. Under some conditions the casting 
might be forced out of shape. Special buflSng machines are 
used for operations similar to the foregoing. 

Polishing and Finishing Bumpess 

Bumpers preferably should be polished on an automatic 
machine, according to Andrew V. Be. This, of course, also applies 
to the brackets and bolt heads if they are highly finished. First 
of all, the wheels must fit the work, regardless of whether the 
bumpers are flat or with a high ridge or groove. The auto- 
matic machine should be of a type that can run ten to more 
bumpers at one time. Start the first operation with a solid 
grinding wheel about 60 or 80 grain. This oi>eration cuts off the 
scale and saves time on the other wheels. 

The second operation is done on a canvas wheel. This wheel 
should be a good grade of canvas set up with 60 or 80 abrasive 
and used dry. Care must be taken not to let the abrasive wear 
entirely away from the face of the whed. When the abrasive is 
worn out it will not cut and will heat the work on the wheel, 
which may take fire. In this event one to two inches must be 
cut off to get down to a good surface again. The third opera- 
tion is done on a leather-faced wheel set up vdth No. 120 
abrasive. The fourth operation is on a No. 160 oil or grease 
wheel. The fifth operation is the so-called coloring operation. 
This wheel is set up with one-half of No. 150 and one-half flour 
abrasive mixed well togeiker. Steel bumpers thus buffed will 
have a good luster. The color wheel can be greased with a 
grease stick followed with an application of charcoaL 
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PoiiiSBmo Qbi&tier Parts 

Polishing and buffing operations are followed extensively 
in the manufacture of heater parts. Polishing is employed to 
level surfaces before nickel plating, while buffing brings out the 
high luster after the plating operation is completed. Beautiful 
oxidized effects also are possible through the employment of 
abrasive processes before and after Ihe metal is treated. 

Numerous small parts are polished by tumbling with water 
and lumps of sandstone in mills provided for the purpose. They 
are made of boiler plate about 24 inches in diameter and 6 feet 
long, each being fitted with a gate made tight by means of a 
rubber gasket as a means for loading and unloading. The parts 
are tumbled from 40 to 46 hours in the sandstone a quantity 
of water also being introduced. The object of the water is to 
facilitate the abrasive operation and also it keeps down the 
dost. After the parts are tumbled in this manner, they are plated 
and then transferred to the buffing mill, where another tumbling 
operation is performed. In this case no abrasive is used, but 
each Tiriill is supplied with a liberal amount of leather scrap. Parts 
thus treated have a very nice finish. 

The lumps of sandstone used the foregoing operation can- 
not be selected by a haphazard method, as the stone must be par- 
ticular grit. The material comes in fairly large lumps which are 
crushed and then broken by hammer blows. In this manner 
an abrasive of just the right size is crushed. In the operation 
of t umbling the parts in water, the abrasive lumps are reduced 
to a fine powder which, of course, forms a sludge with the water 
used in the tumbling barrels. This material is not reclaimed. 

A typical operation is that of polishing of cast iron prepara- 
tory to plating or oxidizing. This operation generally is per- 
formed on canvas and linen wheels, 12 to 18 inches in diameter ; 
1^ to S-inch face. The wheels are set up with 46, 100 and 140 
emery grain. Canvas wheels are used for roughing, linen for 
first oiling, felt for second oiling and felt for coloring. When it 
is necessary to polish aluminum, 140 grit material on linmi 
wheels is used first, next 150 material on felt wheels followed by 
a buffing operation with a white compound. 

The beautiful finish called oxidizing is a simple abrasive 
process. First the part, assuming that it is cast iron, is polished 
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liminary solid wheel. This wheel should not be counted, how- 
ever, because if one undertakes to rough out the beading without 
grinding on the solid wheel first, he will cut away the abrasive on 
the 8e1>-up wheel in short order. It is customary to use a buff 
about as thick as can be grooved into Ihe couch. In this manner 
the operator will gain time and do satisfactory work. 

Bonnets are buffed by placing about 20 at a time on an iron 
rod with a wood handle. Without such a handle the iron be- 
comes heated unduly so that it is hard to hold properly. As 
the bonnets are madbined in the monitor lathe, only one polish- 
ing operation is necessary. For this work a grease felt wheel, 
%-inch face with a round nose set up with No. 150 abrasive, 
will be found satisfactory. — ^Andrew V. Be. 

POLISHINO RADUTOB SHELLS 

Radiator shells can be polished successfully by the so-called 
two-wheel operation. If the shells are not rough, No. 150 abra- 
sive can be used for ihe first operation, followed with No. 180 
abrasive for the second and last operation. However, should 
the steel be rather rough and pitted, it will be necessary to polish 
on a No. 120 dry wheel for the first operation. The so-^ed 
wet or grease wheel used for finishing is made by using emery 
grease cake, or mutton tallow and tripoli will do. 

Work polished on wheels treated in this manner will not 
show scratches when buffed. One must try always to cross each 
operation of polishing. For instance, if the first operation is done 
straight up and down, the second operation should be done on 
about a 45-degree angle. 

When polished, the shells are ready for the soaking tank, and 
then the hot copper combination cleaner. The copper solution 
should stand 120 degrees to 140 degrees Fahr. In some cases 
the shells only are plated in the alkaline copper, 10 to 16 min- 
utes and afterward they are plated into an acid copper, colored, 
buffed and nickel plated or chromium, whatever the case may be. 
In most cases an acid copper is not used. Therefore a nice heavy 
alkaline copper is placed upon them, colored, buffed and nickel 
plated. 

In some cases the copper is not color buffed before nickel 
plating. However, if the copper is nice and soft as it should be, 
one can color buff it in a very short time. Afterward it is 


492 




POLISHING AND BUFFING 


nickeled and recoldred. The nickel is buffed in a very short time 
to a high lustre. Not much nickel is removed b^use there 
already is a high life on the copper and if the nickel is in good 
standing, the work will be quite bright and not rough and milky. 
Hence, when one has a nice nickel that can be colored easily it is 
not necessary to buff off a large amount of nickel to get a lustre. 

Polishing Booh Layout 

In many instances, but little attention is given to the lay- 
out of the polishing room; this department being located often 
where it is most convenient, sometimes in the basement or other 
out of the way place. If efficient results are to be obtained, 
however, great care should be exercised in the layout of the 
polishing and buffing departments. Polishing and buffing are 
wholly manual operations and naturally if satisfactory work- 
ing conditions are not maintained, maximum production cannot 
be expected. 

The layout of the polishing room, of course, depends in a 
great measure on the nature of the work to be handled. In 
cutlery practice, for example, it is common practice to arrange 
the polishing jacks in a row just back of the windows, a line 
shaft being directly under the windows. While this often is a 
satisfactory arrangement, it is well to bear in mind that the 
operators are working against a direct strong light. Better 
results are obtained, however, when the polishing m ac hin es are 
located so that the operators are given the benefit of a side 
light. 

In some instances the arrangement of the machines, as in 
a shovel factory, is for crews of four operators each. Each man 
performs a different task, the first being srrinding the strap 
of the shovel on a solid wheel, the second polishing the strap on 
a set-up wheel, the third finishing the strap on an abrasive belt 
and the fourth finishing the handle. 

Whatever the arrangement, ample room should be allowed 
between the machines for handling the work. Otherwise, pro- 
duction will be curtailed. If belt-driven machines are used, and 
if the belts are exposed, they create a large amount of dust. 
If the belt drive must be utilized, better results are obtained 
by providing machines with a closed interior, the drive shaft 
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being located on the ceiling of the floor directly beneath the 
machine. The belt being enclosed, it has no chance to stir up 
dust. Electrically driven machines, eliminate belting altogether. 
The dectric drive, however, possesses one disadvantage, in that 
desired speeds are not always obtainable. 

Adequate lighting should be provided, for it must be borne 
in mind that daylight cannot be utilized during the winter 
months. It is well to consult a lighting engineer on this point, 
always bearing in mind the fact tiiat the large amount of manual 
labor involved calls for efficiency at every point. The lighting 
engineer can specify the correct kind of lighting which will give 
the best results. 


Polishing Stove Pasts 

The polishing of nickel plated stove parts constitutes an 
important branch of abrasive practice. The character of the 
polished surface depends largely on subsequent operations, espe- 
cially the preparation of the surface before it is plated. To 
polish stove parts economically comparatively smooth castings 
are essential and the surface to be plated should be adapted to 
polishing; the two foregoing requirements are dependent upon 
the foundrymen and patternmakers. The grain of the iron should 
be so dose that when it is polished it will present a smooth sur- 
face. A patternmaker is depended upon to design the parts 
so that uneven surfaces can be polished readily. In other words, 
the design must not have deep impressions that cannot be reached 
by polishing wheel. Also crevices which would retain the abra- 
sive must be eliminated. In many instances where the grain 
structure of the castings is correct the iron is too hard for 
satisfactory polishing. If the iron is poured too hot the castings 
are frequently covered with a hard scale that is deterimental 
to rapid polishing and while pickling and sandblasting cannot 
be depended upon to soften hard castings it will remove the 
hard scale to a certain extent. The pickling process was used 
entirely for the work in question many years ago, but at the 
present time the sandblast method has taken its place to a great 
extent. 

High-grade nickel plated stove parts require considerable 
polishing where successive wheels often being employed is as 
follows: Roughing, dry fining, second fining, oiling, greasing 
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and finishing. First, our roughing operation is performed on a 
canvas wheel set up with 60 or 90 abrasive grain either emery, 
manufactured alumina or carbide of silicon. The wheel must be 
resilient so that the abrasive grains are given an opportunity 
to reach depressions in the work. The second operation or dry 
fining is performed over the canvas wheel set up with a 60 or 
90 grain and in carrying out this work the parts should be 
held at right angles to the previous locations so that the wheel 
cuts are carried across and not parallel with the cuts made in the 
previous operation. In the third or second fining operation a 
still finer grade of abrasive is employed and when possible the 
wheel cuts are made to intersect tiie cuts made by the forego- 
ing operation. For the fourth operation, namely oiling or greas- 
ing, polishers are not in agreement on the type of wheel to be 
used. The wheels can be set up with 120, 160 or 180 abrasive. 
After setting up the wheels are worn down somewhat by actual 
polishing to glaze the surface slightly then the wheels are treated 
with emery cake. Before greasing the work should present fine 
lines only. However, if the previous operation has not been 
performed properly and if the work presents these indications 
these parts should be polished crosswise. If the wheel clogs it 
can be cleaned with lump pumice. 

For the fifth or fining operation a felt grease wheel gives 
good results. The wheel that has been used for a comparatively 
long time gives excellent results. This operation differs from that 
of greasing as a fragment of flint is worked over the wheel 
periphery, imparting a high polish. When the work is brought 
in contact with this surface a lustre is imparted to it and 
scratches that may have been left by the former operation are 
removed. A higher polished finish on the casting insures a fine 
nickel finish. 

If the foregoing sequence of operations is more extensive 
than the class of work warrants a four-wheel procedure can be 
substituted and omitting the second fining or finishing. In some 
stove plants the work is rubbed fine and second fine while in other 
establishments the procedure includes roughing, fining, greasing 
and finishing. The first procedure is preferable as more scratches 
are taken out so that when the grease wheel is used the second 
fiTiiog wheel is eliminated and a high finish can be obtained by 
buffing. A low grade of polishing preparatory to nickeling some- 
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times is performed with two or three wheels. If three wheds 
are used, the operation should constitute roughinsr, dry fining 
and greasing. Certain factors should remain constant regardless 
of how many wheels are used. These include the sizes of the 
abrasive grains on the first and final wheels. The accomi>anying 
table gives correct abrasive grains for the 6, 4 and S-wheel 
methods. 

FIBST CLASS POLISHING 


Operation Grain size 

1 — ^Bonahing 60 

2— Flnii^ 90 

8 — Second fning 100 

d — Greasing 120 to 

6— Finishing 150 to 


160 

190 


1 — ^Bonghing 

2 — Finirig .... 
8 — Grea^^ 

4 — ^Finishing 


SECOND CLASS POLISHING 


60 

100 

100 to 120 
120 to 160 


THIBO CLASS POLISHING 

1 — ^Boughing 

2 — ^Fini^ 

8 — Grearang 


60 

100 to 120 
120 to 160 


It is not considered good practice to use mixed sfrain sizes as, 
of course, the grains leave comparatively deep scratches and a 
mixture of 60 and 90 emery will leave scratches as deep as a 
straight 60 grit. For example, if a quantity of No. 60 abrasive 
becomes mixed with a quantity of No. 90, the only logical pro- 
cedure is to rate the entire mixture as No. 60. Probably it 
will be more economical to discard such a mixture entirely 
because its use as No. 60 would entail an extra expense as the 
mixture would not cut as a fast as a 60 grit. It should not be 
used as a No. 90 as it would leave No. 60 scratches on the work. 


Iron and steel parts that are to be polished preparatory to 
plating may be in a condition unfit for the first or roughing op- 
eration. Insufficient cleaning by sandblasting may result in par- 
ticles of sand adhering to the castings, or the work may be rusty 
or greasy. If sand is present, the part should be resandblasted 
and then washed in boiling water. Rust can be removed with 
kerosene or gasoline. However, if the rust coating is compara- 
tively thick, it may require scraping. Animal or vegetable 
grease can be removed with boiling caustic soda or potash. On 
the other hand, mineral oil can be removed with gasoline. 
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While the abrasive grain sizes given in the accompanying 
table should be productive of economical results, local conditions 
also most be tahen into consideration in adapting the sizes to a 
spedflc operation. For example, the work may be too rough to 
be cut with No. 60 grit in the first operation and a coarser size 
dioold be substituted. Conversely if tiie work is comparativdy 
smooth, a finer grain than 60 sometimes can be empbyed to ad< 
vantage. The polidier should ezerdse judgment in dianging 
from one grain size to the nmct, ever bearing in mind tiie fact that 
ultimately Nos. 160 or 180 will be used. If the grain sizes are 
too fine, the polishing time is lengthened materially. In some 
instances the grain is so fine that the scratches left in the pr»* 
ceding operation are not removed readily. Judgment must be 
exercised in selecting grain sizes and experiments often are neces- 
sary to determine the most efBcient. — J. F. Springer. 

Practical FousHma Hints 

In polishing gold and silver, iron oxide (rouge) is the ideal 
materiaL For nickel coloring, the metal magnesium, in lime 
compositions having a great af^ty for nickel, is the ideaL For 
sted, whether stainless or carbon, the metallic oxide diromium 
has been found the most efficient and simplest medium for bring- 
ing out the surface and color, for the reason that chromium 
has a perfect affinity for steel under conditions. But in order 
to get the best results from the last operation, certain definite 
rules must be followed in preparing the work for the final appli- 
cation of the finish with chromium. 

Assuming that the quallly of tiie sted is of the best, there 
are evmi slight variations in nearly all metal products which will 
slightly influence the various processes in preparation for finish- 
ing. Therefore, due regard to this must be given by the grinder 
and polisher. It is, of course, understood that during the grind- 
ing process the sted be not burned by overheating, and this 
equally applies to tiie processing at the final polish. It can be 
easily demonstrated that, as the metal is cut away on the sur- 
face of sted, the surface will present a varied appearance, whidi 
is due to the difference in the shape and structure of the steel 
cell or scale. This condition is very noticeable in stainless sted, 
and is brought out in an exaggerated condition due to the very 
hi gh mirror-like finish, which readily reveals and magnifies any 
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imperfeddons below the polished surface. Therefore, it is very 
essential that we have a perfect bottom on the work to be 
polished. 

Producing the bottom is the work of an expert, and is, of 
course, the most important part of the entire process. There 
are various natural and synthetic abrasives on the market, some 
of whiidi are perhaps better than others; but it is necessary to 
choose the proper grade, and each manufacturer must decide 
upon the one which meets his requirements fully. However, 
there is one point to be watched with great care, and that is 
that the abrasive must have grains of uniform size in order 
to prevent a surface of different size cuts or scratches; for one 
off-sized grain will destroy the entire labor, especially during the 
last process before finishing, and, as stated previously, any ab- 
normal mark or cut will be exaggerated and made plainly visible 
after the chromium is applied. 

“All is not gold that glitters." Neither is all chromium 
suitable for polishing steel; for if there should be traces of 
other metallic oxides, sulphur or other foreign matter in the 
chromium when used, certain changes in the surface appearance 
of the polished article will take place, sometimes at once and quite 
often at a considerable time later. This will mar the appear- 
ance of the work and materially reduce its selling value. The 
explanation is that during the polishing process some of the 
chromium amalgamates with the steel, and should there be other 
metal content this also would enter into the surface of the steel 
and gradually, by chemical or atmospheric action, show up on the 
work in the form of stains, spots and other detrimental effects, 
and your stainless steel is in reality not stainless. 

No two manufacturers, given the same materials to work 
with, will obtain identical results. This can be noted by a care- 
ful comparison of articles of a similar nature made by various 
concerns. There are several reasons for this, and the most im- 
portant one is the fact ^t the last operation or bottom was 
carelessly or incompletely done and the resultant finish with 
chromium was not up to standard. 

The writer during experiments has noted the fact that 
carbon steel after polishing with chromium will hold its lustre 
and keep from spotting almost indefinitely. This is due to the 
fact, as stated before, that some of the diromium has amalga- 
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mated wllb the steel and has produced a stainless steel coating 
on the surface. We have also noted that keen-edged articles will 
hold that edge mudi longer, due to this same fact In otiier 
words, the keen serrated feather-edge of any blade is protected 
against oxidation or corrosion by the stainless quality imparted 
by the chromium. 

Now, in order to get the results desired we have come to the 
following condusionB: First there is a certain natural or 
synthetic abrasive, which you must determine by test which 
will produce the best bottom, and you cazmot determine this with- 
out TnAlring many tests. Also, the class of wheels and proper 
speed of same must be considered. Secondly, a loose-sewed 
muslin buff of good firm weave is recommended, running at 
maximum speed at or near to 8600 revolutions per minute. 

Speed is considered essential, for with speed there is perfect 
melting of the fat content of the crocus, making it adhere uni- 
formly to the buff. Also, less pressure of the article to the buff 
is required while polishing. However, Ihe main feature of the 
speed is the fact that sufiSdent heat can be so generated as to 
cause a combining of chromium into the surface of the steel 
without the danger of overheating the blades by extreme pressure 
on the wheel. 

With a good bottom it should not be required of the chomium 
to erase or cut out scars or scratches, as it must be understood 
that there can be no combination of any products which will cut 
severely and polish at the same time, and that chromium is no 
exception to this rule. However, very fine hair lines can be 
removed by the chromium and with the speed suggested, and 
the Ttian at the buff can, if qualified, produce the high mirror- 
like finish on both steels. Or, on the other hand, he can turn 
out a dull gray finish which is due, without exception, to poor 
bottom or improper speed of buff at the final operation. 

Chromium finished steel products have revolutionized the 
cutlery industry and have actually reduced the operation cost of 
producing a highly finished article. The mirror finished cutlery 
tina certainly stimulated and increased consumer demand; for 
although the ultimate purchaser is not sufficiently expert in 
judging the general quality of steel but must rely upon the manu- 
facturer’s reputation or the seller’s favorable conunent, he is. 
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nevertheless, in the end the sole judge of the beautiful appearance 
of the same, which is the prime selling factor. — ^F. A. Zucker. 

Polishing With Reclaimed Abbasivb 

The reclaiming process is comparatively inexpensive, the cost 
of the salvaged material working out at about one-fif^ of the 
cost of the new. From tests carried out it has been proved that 
grain of good cutting quality, and in quantity large enough to 
pay for reclaiming, is deposited in the polishing hoods, the refuse 
from which, at most plants, is consigned to the rubbish heap. 
Of this reclaimed grain a considerable percentage has not even 
been reduced in size, having been dislodged from the glue bond 
before having been dulled or broken up by pressure against the 
article being polished, or thrown off by centrifugal force. More- 
over, as a result of the breaking up that occurs, a supply of the 
smaller sized grain is provided that is suitable for tiie finer 
polishes, thus making it unnecessary at some plants to purchase 


any small sized grain at all. Below are given 

the results of a 

test of refuse grain: 

Lot A 

LotB 

Lot C 

Percentage of grain in total weight of refuse 

51.6 

86.6 

68.18 

Percentage of usable size grain in the re- 
claimed product 

66.76 

72.12 

46. 

Percentage of usable grain in total weight 

88.98 

26.32 

29.06 


These percentages of reclaimed unsable grain are sufficiently 
high to warrant reclaiming, always assuming, of course, that its 
cutting qualily is satisfactory. It might be stated that lot B was 
from a plant whidi maintains a high standard of polishing wheel 
practice and considered reclaiming for that reason to be un- 
profitable in its case. One noteworthy fact was that, in all three 
cases, the largest size of grain used composed the major part of 
the usable grain. This was an important feature as, at the three 
plants from which the refuse was obtained, this size is by far the 
most used and figures prominently as a part of the polishing 
costs. 

To obtain definite proof of the breaking-up action that occurs 
to the grain during polishing, and to ascertain what proportion 
of ea<di size grain used was returned, another test was carried 


600 


POUSBJNG AND BUFFING 


out For this object the polishing wheel hoods were all deaned 
out and the weight of each grain size used on the wheels recorded. 
The result iS detailed below: 


Weight Weight 

of abrasive returned in 

applied to reclaiming^ 

Sixe of grain wheds, pounds pounds 

No. 86 590.6 248.18 

Intermediate 111.05 

No. 80 66.26 62.69 

Intermediate 42.44 

No. 160 11. 21.16 

Total 666.75 4704^ 


Boughly, half of the No. 86 size was returned, a quantity 
equal to the original of the No. 80, and double the original quan- 
of the No. 160. The difference, 186.28 pounds, 28 per cent 
of the original total weight, had Reappeared. iRis doubtless 
was of a very fine size and had passed off in the reclaiming with 
the dirt in the wash or had adhered to the magnetic particles 
when going through the separator, or had been drawn off in the 
exhaust during polishing. 

This comparison of the weights and sizes returned with what 
was put in points clearly to the conclusion that breaking up takes 
place, and consequently that grain with new cutting edges is 
produced. The percentage of the usable sizes returned is so 
high that it is decidedly poor business to consign it to the rubbish 
heap. It should also kept in mind that the nonusable polish- 
ing sizes are still available for the various other uses to which 
abrasives can be adapted. 

In another test, three different sets of wheels were made 
up. The first lot was coated with new abrasive, the second with 
mixed abrasive (75 per cent reclaimed and 25 per cent new) 
and the third with reclaimed abrasive. The final cost per unit 
polished is given bdow: 


Material Cost per unit 

All now abrasive - $0,129 

Miz^ abrasive 0.09S 

Beclaimed material 0.094 


While the wheels made up of all reclaimed grain gave the 
lowest cost per unit it is obviously impossible to carry on with it. 
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a quantity of new grain haying necessarily been added to make 
good the loss occasioned by the reduction of the grain to smaller 
sizes during polishing. For regular use, therefore, the advantage 
of reclaimed abrasive is clearly established. 

The quantily of new abrasive required to be added will vary, 
but it has been found that when the new is a few sizes coarsmr 
than what is usually used 26 per cent to 80 per cent will be 
found suflAdent to keep up the supply of the large size. 

Regarding the time taken at the polishing operation the 
average for the three sets worked out almost exactiiy the same, 
thus demonstrating that the reclaimed abrasive had not per- 
ceptibly lost its cutting power. That the abrasive in a glue- 
bonded polishing wheel does not become dulled is most probably 
due to the fact that the glue is not sufficiently strong to hold 
the abrasive long enough to have the cutting edges worn down. 
The manufactured abrasive in general use stands at 9.6 on Hoh’s 
scale of hardness. It would, therefore, have to be presented 
to a metal surface being polished for an appreciable length of 
time to have its edges blunted. Even then only one side of the 
partide would be affected, and in the next set up another side 
would most likely have to do the work. Samples of reclaimed 
grain were microphotographed but neither the photographs nor 
examination of tiie grain under a microscope revealed rounded 
edges. The redahning process consists of three operations: 

1. — Washing the refuse with hot water to liquify and draw 
off the glue, to carry off any ffiie floating dirt 

2. — Passing the dried-out refuse through a magnetic sepa- 
rator to remove all metallic substances to which also much fine 
dust adheres. 

3^ — Passing the abrasive over screens of a mesh to give tiie 
sizes of grain desired. 

The equipment for washing and drying is a drcular steel 
tank 4 feet 6 indies in diameter and 1 foot 4 inches deep. Inside 
tills tank is a smaller one of 1 foot 10 inches in diameter with 
its walls concentric to the outer ones but 4 inches lower. The 
space between the walls of these two tanks is where the refuse 
is washed and dried. The dry refuse from the polishing hoods 
is shovded into a depth of about six inches. Water and steam 
are then turned on, a temperature of about 160 degrees being 
necessary to liquij^ the glue. To keep the refuse thoroughly 
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broken up, eight shovels or paddles keep continuously revolving. 
These paddles are suspended from two arms, four x>addles on 
each arm. The rate of movement is 16 revolutions per minute. 
The is obtained from a steam-heated compartment at 

the bottom of the tank. After about 46 minutes the glue comes 
to the surface, and the water, whidi bad been turned off be' 
overflowing into the central tank, is again tur^-* " 
paddles stopped for about tmi minutes to allow 
to settle. The paddles are again set in moti 
jet of water entering the tank keeps the glm 
the central tank which has a direct connectiou 
a sump being provided for safety. With the '' 
hot a couple of hours will be enough to carry 
dirt The paddles are then stopped and the wate. 

The mixture is then dried out This is accomplished by 
keeping the paddles revolving and the steam turned on. The pad- 
dles are left running about an hour and then the steam is left 
on just enough to keep up the drying out process. This may be 
done overnight and in the morning another half hour’s run- 
ning of the paddles will have the mixture dry enough for the 
separator. The mixture, after being screened through a coarse 
mesh sieve to remove any bolts, nuts, washers, etc., is carried 
by chain buckets to the hopper of the magnetic separator. It 
then feeds gradually down into the separator on to a revolving 
disk off which a magnet attracts all the metallic particles to 
which much fine dust clings. Passing out of the separator tiie 
clean grain moves down a vibrating chute on to the screens 
where it gets sorted out into the desired sizes and finally depos- 
ited into the several containers. 

The labor required at the washing, drying and screening 
is insignificant, shoveling the refuse into and out of the tank 
being the chief item. The rest is a matter of periodic visits to 
see tiiat everything is running right, to turn a valve, or to empty 
a container. A man accustomed to the job is able to properly 
time his visits. Of the cost factors steam is the principal. 

Believing that the grains of the reclaimed abrasive are left 
with a coating of fine fiilmy glue which prevents perfect bond- 
ing some firms have gone a step further in the reclaiming process. 
This is to put the abrasive through what might be called a roast- 
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ing operation which removes any glue that may have survived 
the washing. The result is a thoroughly cleaned abrasive. — John 
Alexander. 

Selbctimg Buffing Abeasivi!s 

The condition of the surface to be finished must be con- 
sidered in the sdection of the bufiSng element. Deep scratches 
and pits cannot be removed with a material designed to pro- 
duce a high finish. Tripoli compositions, which are cutting 
mediums, can be used on soft metals and ranery cake on ferrous 
materials. The latter material also can be used on soft metals 
where the surface is in poor condition, demanding the removal 
of an excess amount of material. It is practicable always to 
use the finest grade of material that will remove blemishes with 
reasonable speed, it being borne in mind that the abrasive 
mediums leave scratdies themselves. While these scratches can- 
not be seen with the naked eye they show up readily imder the 
microscope. The depth of the scratches depends on the abrasive 
used and the condition of the metal. The character of the ulti- 
mate finish desired also is a factor to consider. When a high 
lustre is wanted a coloring or lime composition must be used. 
These products have practically little abrasive qualities so that 
the surface first must be prepared with fine emery, tripoli or 
crocus. No one product can produce a fine finish and cut fast 
at the same time. On some products No. 140 emery cake will 
result in a satisfactory finish. On another product where a dif- 
ferent fiTiiab is wanted, No. 140 emery cake might be used for the 
first operation of cutting down to be followed by processes with 
finer materials. 

When the work is to be nickel plated it must be remembered 
that the nickel deposit will not fill up scratches — ^it goes into 
them instead. Thus the work must be smooth before it is 
plated. As the average thickness of nickel plate is generally not 
over 0.0006-inch, it is seen that no bufSng can be done to remove 
scratdies as the entire nickel surface would be cut through. 

Selecting Buffing Wheels 

Many experienced buffers assert that it is preferable to 
have a buff with a dosely woven fabric consisting of strong and 
tightly twisted fibers, hi the case of buffs which dosely re- 
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semble eadi other, it sometiineB 'vnll be found that there is a wide 
difference in quaJity. In makinjr the decision, which of two 
buffs to bu7, attention should be given to Ihe quality of the fabric 
of both, as a buff will be useful in proportion to the amount of 
long, hard-twisted fibers in the cloth. Their comparative value 
may be ascertained by examiniTig the fabrics under a magnify- 
ing glass, countiog the number of threads to the inch, taMng 
into account the size of the individual threads and their distance 
from one another. 

The amount of starch and gum with which the doth is loaded 
also should be estimated. This can be done without a chemical 
test and will be revealed by the buff dosdy under a 

magnifying glass. Some of the fibers of each sample then should 
be unravded and their rdative strength tested and compared. 
If a sample of doth is heavily loaded, or if the threads of the 
fabric have short and weak fiWs, the buff is of inferior quality. 

A buff should stand out straight from the axis of the 
bufSng lathe spindle and it should be drcular and evenly bal- 
anced. Trueness of diameter and accuracy of balance are essen- 
tial to the best work. Fullness of weight, uniformity of material 
and fullness of the count of disks are decidedly important. 

Buffs should be sdected carefully for the kind of work they 
are to perform. Some buff manufacturers purchase spedal grade 
of goods from different mills for various purposes. For some 
grades of work the output of one mill may be superior to that of 
another, and the purchaser should recognize this in making his 
selections. Buffs also can be made to order to suit the ideas of 
the buyer. 

When ordering buffs of any kind, the buyer should furnish 
the follovdng specifications: 

Type of buff, whether lull disk, sewed piece, etc. 

Diameter of buff. 

Grade of doth. In sewed-plece buffs, the order riiould state 
whether hard fancy, soft fancy, bleached, or unbleached material 
is wanted. 

Diameter of arbor hole. 

Standard or special sewing. If spedal, details should be 
given. 

Number of ply when loose buffs are required. 

When ordering small diameter buffs, sometimes made of 
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whole-piece sectioiiB, with raised, or hardened centers for straight, 
or tapered spindles, the following information should be given: 

of bnff, diameter, whether niAi»MTie or hand-sewed, 
diameter of arbor hole and whether tapered, or straight spindle. 

White-bleached, pieces, stitched buffs, constructed of new, 
unwashed material free from loading of any kind or unbleached 
pieced, stitched huffs, of the same kind of material are especially 
suitable for finlahing stove work. Soft fancy-piece buffs are used 
for finishing chandeliers, shell and similar work where a softer 
buff than the two foregoing is desirable. Hard fancy-piece buffs 
are particularly useful for finishing plumbers* supplies, brass 
goods and wherever a hard, stiff buff is needed. Ilie following 
are approximate weights of pieced buffs in the different diameters 
which have been adopted as standard. 


Diuneter, 

Inches 

8 

9 

in . r. 


Weight 
per seOTon, 
ounces 

6 

- 10 

12 



18 



14 


, 1ft 

15 





20 

, 

18 


26 


Open, or loose full-disk buffs made of unbleached muslin 
sheeti]^ of a grade affording a hard cutting edge with consider- 
able fiexibility are used extensively for finishing large, heavy 
brass and copper surfaces and in the manufacture of sound re- 
producing m^Jiine horns, bedsteads, skates, toys, bells and many 
other articles for which an extremely hard-face cutting buff is 
dbsirable. Sometimes buyers prefer to have sections of the wheel 
glued together in place of piece buff sectionB. Such buffs come 
in sizes from 8 indies to 24 inches in diameter and variously 
from 18 to 40-ply, either sewed once at the arbor hole, or 
spirally. 

A slighter weight buff of practically the same type as the 
foregoing is used for fast cutting on automobile lamps, reflectors 
and other metal parts where the buff works on the inside of the 
object It is a Uttle more flexible than the one previously de- 
scribed, having a very dose weave and wears down without tear- 
ing the threads. 


606 


POLISHING AND BUFFING 


An unbleached muslin buff with sufficient threads to pro- 
duce a good cutting edge and made in a small size is well adapted 
for coloring on medium and light work. Another i^pe, usually 
a loose disk buff made of similar material, has every two layers 
turned to cross the threads, thereby preventing the buff from 
wearing flat. Another kind of buff used for coloring work and 
also for putting a high finish on celluloid surfaces is made of 
particularly heavy unbleached sheeting. Each strand is heavy 
and thick, causing the buff to open and thereby producing a soft 
edge. For finishing steel parts, small hardware specialties, sew- 
ing machine parts, lineman’s tools and small tools such as pliers, 
a buff made of hard bleached muslin can be used. Th^ are 
put through a special bleaching and finishing process, so that 
each thread is stiffened. 

Hand-sewed, quilted muslin buffs made from unbleached 
material of various grades, are employed in cases where the 
speed will not be sufficient^ great to make the buff stand out 
straight from its axis without the aid of stitching. Such buffs 
are desirable for the jewelry trade, cane and umbrella manu- 
facturers, makers of metal novelties, pipe manufacturers, man- 
ufacturers of syphon tops and similar ware and they are also 
useful in tortoise shell and celluloid work. Canton flannel buffs, 
hand and machine sewed, made up of the softest grade of mater- 
ials are supplied for jewders, goldsmiths and silversmiths. These 
are used for high coloring work on precious metals and on hard 
rubber and in other industries where a buff is desired that will 
not scratch or mar the work. 

For doing celluloid and coloring work, woolen doth buffs 
often are desirable. They are constructed of particularly heavy, 
all-wool doth and produce a high color, as each strand is heavy 
and thick, allowing the buff to open thereby providing an ex- 
tremely soft edge. Hard canvas wheels for roughing-out pur- 
poses are made of layers of extra heavy canvas cemented to- 
gether without stitching, their faces, while hard, having con- 
siderable resiliency. Suitable for nearly all uses where a canvas 
whed can be employed, are wheels made of layers of duck doth, 
or denim, in single sections, about S/16-inch thick, compactly 
sewed with stitches %-inch apart and cemented together under 
pressure to the desired thickness, with a canvas cover cemented 
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to the outside. This makes a tough, flexible buff, -whose face can 
be set-up with glue and abrasive. 

Wheels also are made of hard-finished white doth in single 
sections about 8/16-inch thick, with rows of stitching, ^-inch 
apart. The sections are cemented together under pressure to the 
desired thickness. The resulting wheel is extremely hard and is 
suitable for cutting down brass with tripoli, or it can be set up 
with glue and abrasive for polishing purposes. 

Sewed canvas wheels are favored when a wheel is desired 
that is somewhat harder than the ordinary sewed wheel, but 
not quite so hard as a glued whed. When set-up with glue and 
abrasive, the sewed canvas whed is effective for roughing-out 
purposes. The whed is formed by cementing together a num- 
ber of ^-inch sections, until the desired thickness is obtained. 
Each section is made up of a number of pieces of canvas with 
whole disks on the outside firmly hdd together by spiral stitdies 
from the arbor hole to the periphery, the rows being %-inch 
apart. 

A buff cuts best when it is being operated at a speed that 
makes it stand out stiffly. The greater the diameter, the greater 
will be the number of feet of surface which passes the work in a 
minute at a given speed. As a buff wears down, it naturally be- 
comes smaller and the number of feet passing the work per 
minute, of course, is correspondingly reduced. Cutting down 
buffs should be run from 9000 to 1S,000 feet peripheral speed per 
minute, with 12,000 feet as a fair average. Coloring buffs 
should be operated at 6000 to 8000 feet per minute. 

The accompanying charts show the percentage of waste in 
buffs discarded at various diameters and operating speeds for 
various size buffs. The chart at the left gives the percentage of 
waste of buffs that are discarded at various sizes. For example, 
suppose a buff is 12 inches in diameter and that it is discarded 
when it has been worn down to a diameter of 8 inches. Taking 
the 12-inch curve and noting where it intersects the 8-inch line, 
then following horizontally to the left, it will he noted that 45 
per cent of the orisriiial buff is wasted. Similarly, if a 12-inch 
buff were discarded when reduced to a diameter of 6 inches, 26 
per cent would be wasted. 

The chart at the right shows at what speed any size 
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buff must be min to impart a predetermined i>eripheral speed. 
For example, let it be assumed that a 14*inch buff must be run 
at a surface speed of BOOO feet per minute. The vertical line 
marlced 14 inches is followed up until it crosses the 8000 feet 
per minute curve. At that point an imaginary line is extended 
to the left at right angles to the buff diameter line. This Unc 
would cross the extreme left of the chart slightly above the 200Q 
revolutions per minute line, giving an approximate speed of 
2200 revolutions per minute. 

Setting Up Polishing Wheels 

Abrasive grain for use in setting up polishing wheels 
usually is supplied in the following sizes: 8, 10, 12, 14, 16, 20, 
24, SO, 86, 46, 64, 60, 70, 80, 90, 100, 120, 160, 180, F, FF and 
FFF. A keg of abrasive grain generally contains 326 pounds, 
a half keg 170 pounds, while lesser quantities from 100 pounds 
downward are packed in bags. 

Polishing wheels cannot be used efiSciently unless they are 
set up with the proper abrasive, held in plara with the right 
kind of glue. If the sdue is not of just the right grade it is 
probable the results will be such that both the abrasive and the 
polishing wheel will receive tiie blame for inefficient work which 
justly belongs to the glue. For that reason a careful study 
has been made of glue for various polishing wheels. 

There are three kinds of glue manufactured from as many 
animal products, but only one kind will give the polisher satis- 
factory service. Such glue holds the abrasive to the wheel until 
the grains had finished their work, or until their cuttting quali- 
ties are gone. It is just as necessary to have glue used properly 
as it is to have the qualiiy first in the raw material. If it is 
flake glue, or in flat pieces, it should be soaked from one to 12 
hours in cold water. Hot water produces a scalding effect which 
always is detrimmitaL 

The exact time of soaking depends upon the thickness and 
grade of the glue and the user must determine this by experi- 
ence. Ground glue will soak in five or 10 minutes, and you 
can dissolve more in the melted glue that is already in the pot 
in say, two minutes. To get the best results, prepare and cook 
ahead just what is needed and use as fresh as possible. Pro- 
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longed cooking injures the strength of the glue. Glue will not 
hold unless the materials to be glued are put together while the 
glue on them is still hot and liquid. This detail must not be over- 
looked. 

Many complaints experienced in the glue business may be 
accounted for by the fact that wheels were not set up properly. 
When first setting up a wheel, the glue should be thoroughly 
rubbed into the surface with a brush, much in the same manner 
as a barber works lather into the beard in shaving. Li this 
manner the glue is worked into the polishing wheel thoroughly. 

Then the glue should be allowed to dry, possibly over night. 
After this drying out process the wheel should be again coated 
with glue, this time, mudi in the same manner as a painter 
would apply a coat of paint, being careful to leave no laps, for 
if the wheel in this latter process be given an uneven coat, it 
results in ridges which, as soon as the work is held against the 
wheel, causes the abrasive to fall off in pieces. After the wheel 
is thus coated with glue, it is rolled in the abrasive trough. 

Another cause of abrasive not sticking to the wheel is that 
some polishers after working the wheel down to such an extent 
that it requires a new coat, soak it in water to remove what 
remains of the old coat. These wheels are then dried out before 
recoating. If the -wheels are not thoroughly dried there is not 
a good foundation upon which to recoat, and while the outer 
surface would show the proper finish, as soon as the work is 
held to the wheel, the abrasive breaks away, thus causing the 
complaint of inferior glue. 

Glue should never be allowed to boil, and it should not be 
heated 150 degrees Fahr. The lower the point at which the 
malting takes place, the better. Unless you have a thermometer 
you have to guess at the temperature and if you guess wrong 
and your glue becomes overheated, then its strength is gone. 
Never attempt to melt glue by turning live steam directly into it. 

Steam in direct contact with glue is very injurious. 
Never allow a scum or crust to form on the top of the glue 
pot. That means wasted glue. Warmed over glue is usually 
worthless. There should be just enough glue prepared at one 
tinift to last that day and no more. Glue that is permitted to 
stand loses its strensrth rapidly. — ^Frederic B. Stevens. 
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SiLyiiRWABEi Polishing Methods 

Articles of silver are polished in a similar way to brass 
works, CTcept tbat soft leather wheete are used for roughing 
and soft buffs for finishing. After Ihe articles have been cut 
down ihey are finished on a soft muslin buff with crocus com- 
position then. They are then deaned and plated with a very light 
coat of silver. This is called Ihe “strike." They are then 
deaned, first in cold and then in hot water, dried in sawdust* 
and finidied on a fiannd buff with a little fine rouge made into 
a paste with alcohol or water. After this polidiing the article 
diould be wadied in soap and water, dried and finally buffed with 
dry rouge, which will give the artide a beautiful appearance. 

Solid silver after leaving the silversmith is either cut down 
with bull-neck wheds about 6 indies in diameter, or on soft 
fdt wheds. Where work with a raised pattern will not per- 
mit of the use of a whed, circular bristle brushes are used. The 
work then is buffed on a muslin whed with crocus composition 
and then it is finished on a canton fiannd whed. 

Silver articles such as match boxes, cigarette cases, toilet 
ware, brooches and other small artides, are polished as pre- 
viously described, but leather and fdt wheels of various shapes 
and sizes are used according to the shape of the various artides. 

Spoon and fork work from the rough stampings, are first 
edged on solid wheels; very narrow ones being used to get be- 
tween the pronge or tines. The stampings then are finished 
with very small leather or fdt wheels, set up with emery, fol- 
lowed up with tripoli, and finally with rouge. The finer the work 
is finished before plating, the less polishing will be required 
after plating; thus leaving the deposit of silver heavier on tiie 
finished artides. 

Jewdry coming in so many different forms and shapes 
makes it the most difSlcult of all polishing work. This is due to 
its small and ddicate construction. The pieces are polished 
in many instances in a similar manner to silverware, but vtith 
different materials. Circular bristle brushes are largdy em- 
ployed for polishing jewehy. The artide is first brushed with a 
circular brush with crocus powder mixed with oil, it is then 
washed out in a hot solution of water and washing soda, dried 
out in boxwood sawdust and then finished on a buff or very 
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fine brush 'with rouge. All the wheels used in polishing jewelry 
are very small; ranging from one to six inches in diameter. 

A large quantity of very fine jewelry, owing to its delicate 
construction and also to the fact of its having stones set in place, 
is usually polished by hand. This is done with the same ma- 
terials but various sticks and polishing threads are used in 
doing this as the buffs on the lathe would be too severe on the 
work. The polishing lathes used for jewelry are of a much 
lighter tsrpe and all have the motor in the head. 

Polishing barrds are greatly in demand where large quan- 
tities of work are required to be done cheaply and quiddy. 

The polishing is done by the continued friction of one 
article against another in connection 'with -the various ingre- 
dients put in the barrel to cut, grind, or polish as required. In 
this method of polishing care must be taken that the articles 
in the barrel are not thrown, but rolled against ea(di other with 
a slow easy motion. Therefore the barrel must be run slowly. 
Under no (^cumstance should the barrel revolve at such a speed 
as to carry the work round with it, i^e barrel should be filled 
to about tiiree-fifths of its capacity. In large factories where 
a lot of work is put through, separate barrels are used for 
finishing. 

Scratch brushes come in many sizes but for the finishing 
of jewelry they range in size from about three to six inches, it 
should be clearly understood that brushes of small diameter and 
fine wire should be run at a greater speed than those of a larger 
diameter. Scratch brushing is done on a separate lathe covered 
by a box as the brushes run under a stream of water, the speed 
at which they run should be 800 to 1000 revolu'tions a minute. 
This speed varies according to the thickness of the wire in the 
brush, the finer the 'vdre the greater the speed and the coarser 
the 'wire the slower the speed. 

For brushing silver plated articles, brushes of varied shapes 
are made for the different parts such as thimbles, cigarette 
cases, match holders, etc., also for the insides of coffee pots and 
water pitchers. The solution employed for scratch brushing 
used to be stale beer, but now as that is a thing of the past, the 
solution is made by dissolving ^ pound of double white sizing 
in two gallons of water. When the solution is made it is poured 
into a can at 'the top of the box on the lathe, allowed to drip 
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)n the scratch brush, about a gallon of the solution should 
be allowed to run through every fifteen minutes. The flow of 
the solution is regulated by a co^ and great care should be used 
to see that the solution drops between the brush and the articles 
and not upon the top of the brush. The article should be 
brushed till it is perfectly bright and then rinsed in hot water 
and dried out in boxwood sawdust. 

A bucket is placed under the scratch brush to catdi the liquid 
which may be used over and over again, this solution may be 
strained between times to get it free from dirt and it will then 
be found to work much better the older it gets. In making 
up this solution see that the sizing is thoroughly dissolved or else 
the resulting work will be faulty. In all scratdi brushing see 
that the brushes run at the right speed and if the brush is of 
heavy wire do not run it too fast or it is liable to break. The 
stocks of small brushes should be filled with molten lead. This 
holds them togelher. 

After a gold or silver article is perfectly dry and well wiped, 
burnishing is the last thing to be done and is carried out in the 
following manner: The materials used are burnishers made 
iini-ii of steel and agate, also bloodstone. With these are used 
and water, a policing buff and putty powder. A sted 
iiisher is moved backward and forward over the artide which 
st be kept wdl moistened with the soap and water. The 
__pe of the burnisher depends upon the artide being burnished. 
After the artide has becm rubbed all over with the stcd bur- 
nisher a bloodstone burnisher is next used for finishing the 
work. This gives the final brilliance so much to be desired in 
fine work. 

All burnishers must be kept bright, and to do this they are 
polished on a piece of hardwood such as oak, finally finishing by 
rubbing on a buff stick covered with buff leather and putty pow- 
der. After the artide has been burnished the soap must be 
washed off in hot water and finally dried in sawdust. In some 
cases the artide after being burnished with the sted burnisher 
is finished by bufSng on the lathe with a fine cotton buff and 
rouge. To make the soap paste, dissolve four ounces of best 
yellow soap in ^ pint of hot water. The water must be kept 
hot and stirred until the soap is dissolved. 
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POLISHING AND BUFFING 


All artideB such as dgar and cigarette cases, dock dials, etc., 
that have a sand finish are done in a sandblast apparatus which 
blows a fine stream of sand over the artide. Owing to its 
abrasive nature the sand cuts into the mental, leaving it with a 
very fine mat surface or finish. Different grades of sand may 


r ~ ‘ 



TOOLS FOB FnnSHINa SILVIEBWABB AMD JBWEIAT 


be used for different finishes. The sand should be carefully 
screened before using to remove impurities. 

Lapping is done on a revolving disk. Some are made of 
metal and some of hard wood or fdt. The lap must run per- 
fectly true; much more so than a buff, as it is on this smooth 
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mnning that the success of the work depends. To get this 
smooth running, the lap usually is turned up on the spindle on 
which it is run. Fine emery is used to do this work. — George A. 
Banner. 

StBAP PrajISHXS 

This device embodies a belt set op with abrasive which runs 
^ over two flanged pulleys. One pulley is the driver, the other 

« the idler. It is used for poUshing flat surfaces. In this respect 

it differs from the belt grinder, as such a machine is used more 
^ for removing metal than it is for polishing. Strap polishers 

g usually are operated in conjunction with a polishing lathe, the 

V driving pulley being mounted in place of a imlishing wheel. A 

, rest is provided under the belt so that the work can be held level. 

Tallow Stick 

% 

^ A material used for lubricating set-up emery wheels for 

I flniflliiTig or oiling operations. The material is molded in a card- 

board container, like a mailing tube, and usually it contains other 
1 ingredients besides tallow which prevent undue softening in hot 

; weather. Tallow sticks weigh about one pound each. 

y 

I 
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SECTION XIV 


SAFE OPERATION OF WHEELS 


The day has passed when a grinding wheel was considered 
an unsafe tool to operate. Years ago, when the art of wheel 
noianufacturing was not on the high plane it enjoys today and 
when wheels generally were operated without guards of any 
kind, accidents caused by grinding wheel fractures were of com- 
mon occurrence. The subject of grinding whed failures has been 
given much thought and attention during the past decade and 
sensible rules have been formulated for their safe use. Data in 
this section is arranged under the following heads: 


Applylnff Work 

Brofikago of Grinding 
Dreuor Gnarda 


Inapaetlon After Braa^am ........ 

Protection of Onp Whada.- 


tt 

Protaetlon of Cylinder Wheola^j 
Protection of Bing Wheela. 
Protection Hooda 


B^ladng of Hooda . 

Reaponalbillty for Wheela In Uae 
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621 

628 

.... 628 


Safety Code — 

Side Grinding 
Spindle Lnhrlffiitton 
Starting New Wheela 
Typea of Protection Devioea . 

Wet Grinding Wheda 
Wh^Flange Spedlloatlona ................. 

Wheel-Operating Bnl« 

Wheel Tmlng ............ 

Work Beata — 
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the large number in daily use is considered. However, when a 
wheel breaks the trouble can be traced to a number of general 
causes. 

1 — The wheel may have been cracked in shipment. It 
always is a good plan to let a new wheel run for a few minutes 
before applying the work. Thus if a fracture is present, the 
centrifugal force generally is sufficient to cause the wheel to 
burst. 

2 — ^If the lead bushing fits the spindle too snugly this may 
cause the wheel to break. Lead expands rapidly under heat and 
thus as the spindle heats tiie lead bushing expands, bringing 
a tremendous strain on the wheel. This, together with the 
centrifugal force to which the wheel is subjected, may be suf- 
ficient to cause a fracture. When mounting a new wheel it 
should fit over the spindle freely, about 0.002-inch being con- 
sidered a safe clearance. If the wheel fits too tight, the bush- 
ing hole can be enlarged readily with a bearing scraper or a 
pocket knife. 

S — ^If the work rest is not adjusted dose to the wheel the 
work may become wedged and this is almost certain to cause 
the wheel to break. The rest should be kept adjusted to within 
1/32 inch of the wheel face at all times. 

4 — Work never should be applied forcibly to a cold wheel 
during the winter months. This applies to wheels used in cold 
deaning rooms and also to wheels taken out of a cold room 
before mounting. The work should be applied with slight pres- 
ure only until the whed has had a chance to warm. Other- 
wise the unequal expansion in the wheel will cause it to break. 

5 — Sudden blows and side strains frequently cause wheels 
to fracture. Thus care should be exercised to see that the 
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wheel is not subjected to these undue stresses. Grinding on the 
side of a comparatively thin wheel is to be discouraged. Where 
side grinding is necessary, cup or cylinder wheels should be 
used. Thin wheels should be in elastic bonds (shellac or rub- 
ber), as the vitrified and silicate bonds will not withstand undue 
side strain. The latter wheels are not fiexible. 


6 — If the wheel is out of balance an undue strain is de- 
veloped that may cause a fracture. If an out-of-balance wheel 
cannot be brought into balance by dressing, it should bo removed 
from the grinding stand, as such a wheel is a menace. 


7 — ^The wheel fianges must be of equal diameter, recessed 
at the back and they should conform to standard dimensions. 
If one of the flanges is larger than the other, an undue side 
strain is set up when the spindle nut is tightened. Compressible 
washers of leather, rubber or blotting paper should be interposed 
between the wheel and its flanges. Tlie spindle nut should be 
set up just tight enough to hold the wheel. If abnormal pressure 
is used, the wheel is subjected to an unnecessary crushing strain. 


8 — If the spindle of the grinding stand designed to accom- 
modate two wheels is removed, care must be exercised in put- 
ting it back. Standing in front of the machine, the end of the 
spindle at the right should carry the right-hand thread; that 
at the left the left-hand thread. In this location the action 
of the work on the wheel tends to cause it to tighten the nuts. 
If the spindle is mounted in the reverse direction the grinding 
action will tend to loosen the nuts. 


9 — ^Never under any condition should a grinding wheel be 
perated at a speed greater than that recommended by the 
lanufacturer. Grinding wheel tags always give the correct 
oerating speed and these data should be followed strictly. Over- 
speeded wheels are liable to burst. 

The following causes of grinding wheel accidents were 
compiled by the American Emery Wheel Works: 
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i Roufh h&adllng la trantpMtAttoa 
' Dropping or striking ngsiiist tome 
object while not bang operated . • • 


Being forced on Improper ^ed 
spmdle 


During storage 
>Vhllehelng mounted 
While standing 

Too small bushing 
Too large spindle 


Cracked wheel (caused 


by)^ 


Heated spindle 

Only one flange, nut against wheel 


Uneven bearing of flanges. 


Flanges of dUfereivt diameters 
Flanges not properly relieved 
Fault 6f compressible washers 


Tightening of nut too hard 
. Hacking of wheel 
^ Screwing wheel on taper arbor 


Tight bearings 

' Bent or broken flange 
Bushings projecting be^-ond 
sides of wheels 
High spots on flanges 
^ High spots on wheels 


{ Missing 
^ Too thin 
( Too small diameter 


-Too high rim speedfeaused/ 
by) 


Spindle overspeeded 


Use of too large wheel for spindle 
speed 


Overspeed whan first set up 
Speed Increased — Desire for 
increased cutting 
Use of cone pulley — Shifting 
to small pulley 


Wheel initially too large 
Too large wheel substituted 
Wheel of different grain .and 
lower recommended speed 
substituted 

Wheel of different shape 
substituted 
Wet wheel substituted 


Catching work between / 

rest and wheel (caused! Improper adjustment of rest 

* * I Improper handllng'of work. . , 


Loose bearings 

Out of true (caused by) ... . , Bent spindle 
Loose frame 

. Rough or lmproj>er use 


Unbalanced wheel (caused ( Wheel standing In water 

by) I K Side finding 

( Whea untrue 

Weakened wheel (caused { Side nindlng 
by) 1 Hacking wheel 


Too small aplndle (caused f 

by) 1 Wheel spindle used for else of wheel 

Side grinding on Improper f Lack of proper equipment 
wheel (caused by) I Inexperience of men 


Side grinding when rest 
not designed for It 
Pushing work under rest 


Safety Code 

The Safety Code for the Use, Care and Protection of 
Abrasive Wheels is a 28-page illustrated booklet which will be 
supplied gratis by any prominent grinding wheel manufacturer. 
On April S, 1920, the American Engineering Standards com- 
mittee invited the International Association of Industrial Acci- 
dent Boards and Commissions and the Grinding Wheel Manu- 
facturers’ Association of the United States and Canada to act 
as joint sponsors for compiling the code in question. Subse- 
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quently the code was drafted and approved by the American 
Englneerinir Standards committee, 'nie remaining data in this 
section were abstracted from the Safety Code. 


Pkotbotion op Cup, Cylindb® and Sectional Ring Wheels 


Cup wheels, cylinders and sectional ring wheels should be 
protected witii hoods, endosed in protection chucks or girdled 
with protection bands. Not more than ^-inch of the wheel 
should project beyond the protection. However, if the rim of 
the wheel is less than two inches thick the wheel may be per- 
mitted to protrude one inch beyond the protection. If the 
wheel is more than two indxes thidc at the rim it may safely 
protrude two inches beyond the protection. This limit, how- 
ever, should not be exceeded. If protection hoods are employed 
they should conform to standard specifications. In cases where 
the chuck 'Qiat holds the wheel is the sole means of protection, 
the chuck should be designed so that the jaws at all times will 
protect the wheel up to the points previously specified. Pro- 
tection bands should conform to the following specifications: 


They should be made of wrought iron or steel plate, or 
other material of equal strength. They should be continuous 
and bent to conform to the wheel contour. The ends should be 
riveted, bolted or welded together in such a manner to leave 
the inside of the band free of projections. The thickness of 
the bands should be in accordance with the following data, 
which is recommended by the American Engineering Standards 
Committee. These data show the size and spacing of rivets for 
riveted joints. If bolting or welding is used, the strength of 
the connections should be equal to that of the riveted joints 
shown in the table. 


Size of Wheel 
in Inches 
Under 8 
8 to 24 
25 to 80 


Thickness 
of Band 
in Inches 
* 

% 


Minimxmi 
Diameter 
of Rivets 
in Inches 
A 
% 

% 


Maximum 
Distance 
Between Centers 
in Inches 
% 

1 

1 % 


Protection Hoods 


Whenever practicable, grinding wheels should be protected 
with adequate guards. In nearly every grinding operation a 
wheel guard can be used without inconvenience, one possible 
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exception perhaps being that of sharpening milling cutters. 
Protection hoods should be mounted so as to maintain cor- 
rect alignment with the wheels. However, if protection bands, 
safety flanges of wheel holding chucks are used, wheel guards 
are not necessary. The amount of exposure of the wheel face 
depends on the nature of the work. On bench and four stands 
the maximum angular exi>osure as shown in Fig 1 should 
not exceed 90 degrees or one-fourth of the periphery. This 
exposure should begin at a point not more than 66 degrees 
above the horizontal plane of the wheel spindle as the illustra- 
tion shows. 

In some instances the nature of the work requires contact 
with the wheel below the center line of the spindle. In this 
event the exposure should not exceed 125 degrees as shown in 
Fig. 2. This exposure should begin at a point not more than 66 
degrees above and extend to a point not more than 60 degrees 
below the center line of the wheel spindle as the illustration 
shows. 

The maximum exposure for wheels on cylindrical srrinding 
machines should not exceed 180 degrees as shown in Fig. 8. 
This exposure should begin at a point not mare than 65 degrees 
above ihe center line of the spindle. The maximum exposure 
for wheels used on surface grinding machines should not exceed 
160 degrees as shown on Fig. 4. On swing-frame machines, the 
TTiftTiTwiiTn angular exposure should not exceed 180 degrees as 
shown in Fig. 5. This also applies to portable grinders. The 
top of the wheel must be guarded at all times. 

When it is necessary to grind on tihe top of tiie wheel the 
exposure should not exceed 60 degrees as shown in Fig. 6. Pro- 
tection hoods should be constructed so that the peripheral pro- 
tection member can be adjusted to the constantly decreasing 
diameter of the wheel as it wears away. An adjustable tongue, 
or its equivalent, can be used so that the foregoing specifications 
can be complied with. The maximum distance between the 
tongue and tte wheel periphery or between the wheel periphery 
and the guard body should not be greater than ^-inch. In 
Fig. 7 a correct method is shown as an adjustable tongue gives 
the required angular protection for all sizes of wheels used. 

Another correct example is shown in Fig. 8. In this case 
the hood is movable and it has an opening small enough to 
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Material Used 
in Conetaruetiim 
Guard 


Grindxmo Wbixl Qboups bt Dumma 

Thldc. of — 

Grinding 3to6" 7 to 12" 13 to U" 17 to 2A'' 21 to 24" 25 to 30" 31 to 48' 

Wheel — 
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Malleable Iron 


Stoel Castings 


Structural Steel 4// 

6" 
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1 1 ' 
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g 2" V 

1 Wrought Iron 4" J- 
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ni 


u 

1 
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DIMENSIONS OF PROTECTION HOODS 
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give the required protection for the amallest size of wheel used. 
An incorrect example is shown in Fig. 9. In this case the hood 
is movable with the opening size correct for large wheels, but 
too large for the smaller wheels. A hood should be constructed 
so that it is not necessary when changing wheels to detach the 
peripheral protecting member from the side member which is 
coimected to the machine. The hood should endose the whed, 
spindle end and nut and flange projections if any are present. 
With cylindrical grinding machines, however, in all operations 
where the work provides a suitable measure of protection to 
the operator, the hood may be so constructed that the spindle 
end, nut and flanges are exposed. Where the nature of the work 
covers the entire side of the wheel, the side covers of the guard 
can be omitted. Fig. 10 gives approved minimum dimensions 
for the peripheral and side members of protection hoods. Mate- 
rials to be used in the construction of hoods must conform to 
and be in accordance with the following designated specifica- 
tions of the American Society for Testing Materials: 

Gray iron castings, A 48. 

Malleable iron castings, A 47. 

Steel castings, A 27, class A. 

Structural steel plate, A 9, excluding specifications for rivet 
steel. 

Wrought iron plate, A 42, class A. 

Types op Peotbction Devices 

Grinding wheels should be provided with one of the follow- 
ing forms of protection, according to the American Engineer- 
ing Standards Committee: 

1 — ^Protection hoods 

2 — ^Protection flanges 

3 — ^Protection bands 

4 — ^Protection chucks 

These requirements, however, do not apply to wheels used 
for internal grinding operations or to wheels three inches in 
diameter and less running at a surface speed not to exceed 8,000 
feet per minute. The forms of protection are listed in their 
order of preference. Forms 8 and 4 apply to cup, cylinder 
and sectiftTiftl ring wheels and forms 1 and 2 to other shapes of 
wheels. 
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Wheel-Flange Specifications 

According to tiie American Engineering Standards Com- 
mittee, all grinding wheels with the exception of those which 
are mounted in chucks should be operated between flanges. All 
taper flanges over 10 inches in diameter should be made of steel 
or of other material of equal strength. Other flanges may be 
cast iron or other material of equal strength. Flanges should 
be finished all over and they should be balanced. This require- 



FIG. 11— DUCBNBIONSFOR straight flang es to be TTSBID W I TH STRAIGHT-SIDE 
WHEELS GUARDED WITH PROTEOTION HOODS 
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ment, however, does not apply to the so-called balancing flanges, 
which are made out of balance to offset tibie heavy side of a 
grinding wheel. Both flanges on one wheel should be of like 
diameter. Each flange must be recessed at the center at least 
1/16-inch on the side next to the wheel for the distance speci- 
fied in the following tables. The inner flange should be keyed, 
threaded, dirunk or pressed onto the spindle and the bearing 
surface must run true with the spindle axis. The bore in the 
outer flange should not be more than 0.002-inch larger than the 
spindle. 

Dimensions for straight flanges to be used with straight- 
side wheels, guarded with protection hoods are given in Fig. 11. 
These specifications have been approved by the American Engi- 
neering Standards Committee. Taper-side flanges are used on 
wheels that cannot be guarded adequately with protection hoods. 
Specifications for flanges of this tsrpe as approved by the Ameri- 
can Engineering Standards Committee are given in Fig. 12. 

WHEX!L-0FXSATIN6 RULES 

The following practical suggestions are for the safe opera- 
tion of grinding wheels: 

Responsibility fob Wheels Use 

Competent men should be assigned to the mounting, care 
and inspection of grinding wheels and mac.hi nes. 

Inspection After Breakage 

Whenever a grinding wheel breaks, a careful inspection 
shall be made to make sure that the hood has not been 
nor the flanges bent or sprung out-of-true or out-of-balance. The 
spindle and nuts also should be inspected carefully. 

Replacing of Hoods 

After mounting a new wheel, care should be taken to see 
that the hood is properly replaced. 

Starting New Wheels 

All new wheels shall be run at full operating speed for at 
least one minute before applying the work, during which time 
the operator shall stand at one side. 
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Applying Work 

Work shall not be forced against a cold wheel, bnt applied 
gradually, giving the wheel an opportunity to warm and thereby 
minimize the chance of breakage. This applies to starting 
work in the morning in cold rooms and to new wheels which 
have been stored in a cold place. 

Test fob Balance 

Wheels should be tested occasionidly for balance and rebal- 
anced if necessary. 

Wheel Truing 

WHieels worn out-of-round shall be trued by a competent 
man. Wheels out-of-balance through wear, which cannot be 
balanced by truing or dressing, shall be removed from the 
machine. 

Wet Grinding Wheels 

Wheels used for wet grinding should not be allowed to stand 
partly immersed in water. The water soaked portion may throw 
the wheel dangerously out of balance. All wet-tool grinders 
which are not so designed as to provide a constant supply of 
fresh water shall be drained thoroughly at the end of each day’s 
work and a fresh supply provided before starting. 

Side Grinding 

Grinding of the flat sides of straight wheels is often hazard- 
ous and it should not be permitted on such operations when 
the sides of the wheel are worn appreciably or when any sud- 
den or considerable pressure is brought to bear against the 
sides. 

Dresser Guards 

Wheel dressers, excepting the diamond type, shall be equipped 
with guards over the tops of the cutters to protect the opera- 
tor from flying pieces of broken cutters or wheel particles. 

Spindle Lubrication 

Care should be exercised to prevent the spindle from becom- 
ing heated to such an extent that it will damage the wh ed. 
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Wore Rests 

The work rests on a machine used for general oif-hand 
’ grinding, tool sharpening, etc., should he kept adjusted to within 
1/32-inch of the wheel face. Otherwise the work is liable to 
become wedged between the wheel and the work, which is sure 
to cause the whed to fracture. The rests should be examined 
occasionally to make sure that they are adjusted properly and 
the holding screws should be set up securely. Unsually it is 
necessary to adjust the rests every time the wheel is dressed- 
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Manufactured, Early Manufacture of, 
296 

Metallic, 23 
Metallic, Sires of, 24 
Metallic, Uies of, 24 
Produccra, 44 « . 

Adjusting Grinding Machine Spindles, 41/ 
Adjustment of Cross Slides, 73 
Agate Grinding, 420, 470 
Agate Grinding, Wheels for, 32S, 3« 
Agnculturnl Implements, Wheels for Gnnd- 

Al<l.n1*6eorge 1 , D»t« on. Depth o! Cu*. 74 
Aldrich Mfg Co , Deteriptlon of Buffing 
Methods. 473 « • w 

Alexander. John. Data on Polishing With 
Reclaimed Abrasiv^ 500 ^ 

Allowance. Finish, for Disk Grinding 134 
Allowances for Centerless Gnnding, 63 
Allowances for Cylindrical Gnnding, 48 
Almandite Garnet, 18 
Alobrant, Brantford Grinding Wheel Co , 

Alowait,’’Waltham Grinding Wheel Co , 313 


Aloxite, Carborundum Co., 313 
Alnllon. Lion Grinding Wheels, Ltd., 313 
Aluminite. MackUn Co., 313 
Alummoio, General Grinding Wheel Corp., 

Aluminozp American Emery Wheel Works, 
313 

Alumixiiiiii ^Indln^ 

Compound for, 170 
WbeeU for, 293, 325, 342, 353 

Aliunlnmii OildB 
Color of, 3 

Furnace, Charging, 3 
Manufacture or, 2 
Paper and Goth, Uses of, 37 
When First Mad& 3 
Alundum, Norton Co., 313 
American Abrasive Co., 46 

American Emery Wheel Worka 
Aluminoz, 313 
Carbclite, 314 

Data on Wheel Breakage 519 
American Engineering Standards Com- 
mittee, Specifleationa for Wheel 
Flanges, 526 

American Fork ft Hoe Co., Data on Fork 
and Hoe Grinding, 208 
Ameriemn Glue Co , 4^ 46 
American Glue Co., Data on Automobile 
Body Finishing, 421 

American Machinist, Data on Cylinder 
Honing Practice, 377 
American Rubbing Stone Co , 45 
America.n Steel Abrasive Co., 46 
American Tripoli Co., 32 
American Watch Tool Co , Early User of 
l^aitic Wheels. 296 
Angles, Bed Way, Grinding of, 177 
Angular Cutters, Grinding of, 191 
Anti-Friction Bearings, 386 
Anvil Grinding^ 170, 325 
Appleton, C. T, Data on Lapping, 442 
Application of Abrasive Brake Shoes, 385 
Applying Work to Wheel^ 529 
Arbor for Cutter Sharpening, 190 

Arbor 

for Finishing Piston Pins, 107 
for Grinding Cam Rolls, 108 
for Grinding Rolls. 105 
for loM work. 107 
Area of Grcle, 413 

Armature Grinding, Wheels for, 325, 342 
Armour Sand Paper Works, 44 
Arnold Grinding Gages, 401 
Ardficial Stone, Wheels for Grinding, 342, 
352 

Auger^Bit Grinding, 171 
Auger Bits, Wheels for Grinding, 353 
Automatic Buffing, 473 
Automatic Polishing, 475 
Automatic Grinding Machines, 142 
Automatic Internal Grinding, 229 

Automobile 

Body, Cobr Varnish. 421 
Body Finishing, 420 
Body, Olaxing, 420 
Body, Glazing Compound, 421 
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Body, Gritt of Paper for Finlehinf, 422 

Body, Oil Sanded, 421 

Body, Primer Coa^ 422 

Body, Primins, 420 

Body, Remonng Paint 422 

Body. Roush S&ff, 421 

Body, Snrfacer Coat 422 

Parte. Centerleii Grinding of, 65 

Rim Orindlng, Wheele for, 537, 550 

Antomottro 

Cylinder Grinding Practice, 196 
Engine, Camehaft Grinding, 49 
Engine, Piiton Grinding. 249 
Parte, Recrindlng of. 246 
Anto-jparte Grinder, 143 
AuxUlary Platee for Mejmetic Chueki, 409 
Axe Grinding Practice, 1/1 
Axe (Ending, Wheele for, 325 
Axel, Wheel! for Grinding, 542 
Axle Grinding, WheeU for, 325, 342 
Bachpreet, Use of, 97 
Baeder Adameon Co., 44 


Dynamic, 387 
Teiting for, 529 

Balandnft 

Dericee, 291 
Grinding Wheele, 291 
PoUeUng Wheel!. 477 
Ball Bearing Grinding, 175 
Ball Bearlngi for Grinding Machine!, 387 
Ball Bearingi, limlte of, 176 
Ball Grinding, 173 
BaU Grinding Machinea, 143 
Bell GrindlWi Wheele for, 325 
Ball, Pipe,^^ding, 238 
Ball Race Grinding, Wheele for, 525 
Ball Racea, WheeU for Grinding, 542 
BaU Stud. Grindbg of, 110 
BaUaa Diamond!, 10, l23 
Belle. Burnlihlng, 424 
BaUe, Burnlihlng, Weight! of, 425 
BaUi.Pot.319 

Balb Wheel! for Grinding, 342 
Benda, Protection, 525 
Bar. Guide, Locomotive, Grinding of, 245 
Barhor Blnlvea, Grinding of, 232 
Barrel!, BumUhing. 424 
Barrel!, Tumbling, Uie of, 426 
Bartom H. H. 20, 44, 46 
Bath Tub Grinding, Wheel! for, 326, 343 
Bathlte, White Heat Product! Co., 5l3 
Bay State Abraiive Products Co , 44, 313 
Bay State Abraiive Product! Co., A< 
Abrasive. 313 . 

Bay State Abrarive Products Co — C- 
Abrasive, 313 

Bearlngi, Anti-Friction, 386 
Bearingi, Ball, Grinding of, 175 
Bearings, Bicycle, Grinding of. 79 
Beanngt Demagnetixiim of, l76 
Becker, L. A., Data on Crankshaft Honing, 
372 

Bed, Rubbing, 415 

Bed-Way Grinding, 176 

Bed-Way Grinding, Accuracy of, 177 

Behr 8e Co., Inc , Herman, 20, 44, 46 

Belt Tolnte, Abrasive, 34 

Belt Machines, Abrasive, 35 

Belts, Abrasive, 34 

Belts, Abraiive, Use of, 34 

Belt Grinder. 143 

Belts, Polishing, 484 

Belts. Sanding, 434 

Bench Grinder, 143 

Bender. Roy £., Data on Grinding Fixtures, 

no 


Berqnen, L. von. Data on Cutting Dia- 
monds, 118 

Bealy ft Co., Charles H.. 44 

Disk 

Onnding, 137 

Beslv ft Charles H., Data on Porce- 
lain Grinding, 460 
Bevel FinUhing, Hones fo^ 452 
Bevel Gears, Locating for Grinding, 223 


omn VTTinQing, wneeis lor, j^o, 

Blndere for Bumns Compounds, 480 
Blnne. , George W., DaU on Centerless 
Grinding, 54 

Bit Grinding, Wheels for, 326 
Bits, Wheels for Grinding, 343 
Black Diamond, 9 
Black Jewel Sand, 425 
Blade. Shear. Grindii^, 260 
Blanchard Machine Co., 44 
Blanchard Magnet Chucks, 411 
Blocks, Balandng, 291 
Blocks, Lehr, Gnnding of, 451 
Blocks, Master, 319 
Blubber Grinding, 470 
Blue Ground, 9 

Bolt Grinding, Wheels for, 326 
Bolt, H«xagpn-Head, Grinding of, 110 
Bolts, Wheels for Grinding, 343 
Bond, Glue and Cement, 204 
Bonds, Carborundum Co , 324 
Bonds, Grinding Wheel, 315 
Bores, Large, Honing of, 381 
Borite, Vitrified Wheel Co.^ 313 
Boro Carbone, Manhattan Rubber Mfg 
Co., 313 

Borolon, Abrasive Co., 313 
Bort, Cnishing, 118 
Bolt Diamond, 10 
Bort Diamond Shapes, 118 
Bort Diamonds, Price of, 10 
Bort Diamonds, Use of, 10 
Bowman, Francis D, Data on Unique 
Grinding Operations, 469 
Brake Shoe Grinding, Wheels for, 326 
Brake Shoes, Abrasive. 3M 
Brake Shoes. Wheels for Grinding, 343 
Brantford Grinding Wheel Co , Inc.. 
Alobrant, 313 

Brantford Grinding Wheel Co, Car bo- 
brant, 313 

Brass Cocks, Gnnding of, 285 
Brail Grinding, Fill^ Wheels for, 293 
Brass Grinding, Wheels for, 326 
Brass, Wheels for Grinding, 343 
Breakage of Grinding Wheels, 518, 528 

A F., Data on Lubrication of 
Gnnding Machines, 401 
Brick Grinding, Wheels for, 327 
BricL Wheds tor Gnnding, 343 
Bricks, Rubbing, 415 

Bndgeport Safety Emery Wheel Co , 
Carbo Alumina, 313 

Bridgraort Safety Emery Wheel Co , 
Silexon, 315 

Broach Grinding, Wheels for, 327. 343 
Bronte Gnnding, Wheels for, 327, 343 
Brown, F.W., Data on Cam Gnnding, 53 
Brom Co , Data on Gr^nd- 

ing, 77, 89, 188 
Bracher Co^ 45 

BranHord Grinding Wheel Co., Ltd., 44 
BraiUian Diamonds, 121 
Bridgeport Safety Emery Wheel Co., 44 
Bratink of Diamonds, 124 
Brais^^sk Grinding of, 136 
Briar HUI Stone Co., 4^ 

Bri^h File Gnnding Methods, 205 
Buff Stick, 481 
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Abruivei, Seleednf, 504 
Automatic. 473 
CttUulold, 507 

Compounda. Biuderi for, 480 
Colt of, 482 
Crankaoift, 73 
Machine, Mitchell, 475 
Speed!, 487 

BiilBflift Wheola 
Canton Flannel, 485 
^oae, FuE-Diik 506 

Mnilin, Unbleached, 507 
Ordering, 505 

PercenUie of Waite In, 509 
Printeria ink. 485 
Quilted Muiutt, 507 
SeleetlnB, 504 

Sewed H^d Sectional, 485 
Spaniih-Fel^ 485 
_ White Bleached. 506 
Buhr Stona, Wheel! for Grinding, 327, 343 
Bull-Neck PoUihvu Wheeli, 486 
Bullard Machine Tool Co., Data on Way 
Grinding, 176 
BulUNoie Diamondi, 123 
Bumperi, PoHihing and Finiihing, 488 
Bumuhi^ BalliTwelghti of, m 
Bumiihing, Barrel, 424 
Bnmiihing, Hand, 423 
Bumiihiim Practice 423 
Buihlng Chuck, 29f 
Buihing Grinding, Wheela fon 327 
Buihing, Squaring Enda 92 
Buihjng ^eeii^99 
Buihing^ Wheela for Grinding, 343 
Button Grindiim, 459 
Button, Jig, Grinding of, 230 
Button!, Wheela for Grinding, 343 


Bun Grinding, 
Byeri, L. Lealt^ 
Laation, 301 


Work on Wheal Standard- 


Abraiive. Baf State Abraiire Producta 
Co.. 3 if 

Calcinite, Pittaburgh Grinding Wheel 
Co, 313 

Calender Rolli. Grinding of, 251 
Cam Grinder, 144 

Gam Grinding 
Attachment, 50 
Error in, 51 
In-Feed Method, 50 
Practice, 49 
Wheela &r, 327 

Cam Leaden, Proceia of Making, 51 
Cam Rolla, Arbor for Grinding, 108 
Cam Roll, Wheela for Grinding, 3M 
Camshaft Bearingi, Wheela for Grinding, 
32^ 344 

Cami, Checkiim of, 53 
Cams, Rough Gnnding of, 53 
Cama, Wheela for Gnnding, 343 

Gamaliaft 

Bearing!, Grinding of, 50 
Grinding, Wheela for, 49 
Grinding, Work Speed, 49 
Proceia of Manufacture, 49 
Rough GrindiM, 49 

Canadian-Hart Pniducta, Ltd., Creiolite, 
314 

Canadian-Hart Product!, Ltd., Rexite, 315 
Canton Flannel Buffing Wheela, 485 
CauTia Poliihing Wherii, Looie, 465 
CanTta Wheela, Sewed, 509 


Gar Whe41i 
Grinder, 144 
Grinding, 178 
Grinding. Savinga, 179 
Truiim 385 

Whe^ for Grinding, 328, 344, 353 

GarUde of Silicon 
Abraalve, 4 
Dlacoverr of, 5 
Furnace, Operation of, 4 
Paper and Cloth, Ueea of, 37 
Spedflc Gravity of, 5 
Heat Neceaaary to Make, 4 
Carbo Alumina, Bridgeport Safety Emery 
Wheel Co.. 313 

Carbo-x, Superior Grinding Wheel Co» 313 
Carb^ran^^ Brantford Grinding Wheel 

CarboUoq, lion Grinding Wheela, Ltd., 313 
Cartra^, American Emery Wheel Worlm, 

Carbcd^ Dominion Abrailve Wheel Co., 

Carbon 
Diamondi, 121 
Grinding, 425 

Grinding. Wheela for. SlS, 344 
SpringfiSd Mfg. Co.. 314 
Diamond, Carbonado, 9 
Carbogdo, General Grinding Wheel Corp., 

Carbora, Cortland Grinding Wheel Corp. 

Carbonte, Vitrified Wheel Co., 314 

Caibonmdiim Go. 

Aloxlte, 313 
Bondi, 324 

DaU on Abraaive Paper and Cloth 
Gradei, 397 
Pint pperatioa of. 296 
Grade Recommendationa, 325, 340 
Grinding Wheel Nomenclature, 324 
Grit Sixei, 324 
Manufacture of Aloxi^ 2 
Manufacture of Carbide of Silicon, 46 
Manufacturer of Grinding Wheria, 44 
Moves to Niagara Falla, 297 
Trade NamejsH 

Carbowalt, Waltham Grinding Wheel Co., 
314 

Card-clothing Grinder, 144 
Card Qothing Grinding. 179 
Card. Gothlng, Grinding, Wheeli for, 
326 344 

Card-Cylinder Grinder, 145 
Cara of Grinding Machine Centere, 388 
Care of Grinding Machlnea, 387 
Cast Iron Grinding, Wheeli for, 328, 344 
Cuter, J. £., Data on Centerleii Grinding, 
57 

Curing Method of Setting Diamondi, 125 
Cut Iron, Diak Grinding of, 137 
Cellte Prodncta Co., 13 
Cauaea of Wheel Breakage, 518 
Celluloid, Buffing of, 50/ 

Celluloid Dolli, Gnnding, 470 
Center Grinder, 145 
Center, Square, 99 
Centanng WorL 67 

Centerleai Orindera Uaed at Ford Plant, 66 

ContorlaM Grinding 
Allowance! for, 63 
Automobile Parta, 63 
Cauaea of Out-of-Round Work, 56 
Drill Rada, 63 

Generating Round Surfacea, 57 
Getting Straight Work, 62 
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In-Faed Method of, 61 
Mechisei, 145 
Hitoni, 65 
Practio^ 54 
ProdoctiO|U 65 
Shoulder Gmdlns, 56 
Through-Feed ^thod, 61 
TriTene Speed, 55 
Wheeli for, 328 
Work Reat for, 55 
Centera, Female, 104 
Ceaten for Grindiiig Tubiog, 104 
Ceoten, Llv& 99 
Centrifagal Force in Wheeli, 288 
Chaln-Lmk Grinding, 182 
Chain-Link Grinding Wheeli for^29, 344 
Champion Coated Taper Co., Dau on 
Rcdl Grindiiu, 251 

Chandler Motor Car Co^ Data on CTlinder 
Honing Practica, 377 
Charging Lapa, 438 
Chaier Grinding, Wheeli for 329, 344 
Chaier, Thread, Grinding, 2/7 
Chatter Marka, 67 

Chamring, Pr^entlng, in Knife Grinding, 

Cbec^ng in Cami. 53 
Checkini Wheal Production, 288 
Chicago ^Wheel ft Mfg. Cojj 44 
Chilled Iron Car Whraa, Grinding of, 178 
Chilled Iron Grinding, Wheeli for, 329, 
344, 353 

Chineie Abraiive Practice, 425 
Chipper Knivei, Grinding oL 232 
Chiiri^ndii^, Reat for, 183 
Chiial Sharpening, 162 
Chiiel, Whetring of, 184 
Chlieli, Wheeli for Ceding, 344 
Chorxnann, George Work on Wheel 
Standardixarion, 301 

Chr^n Motor Coxp., Honing Practice, 

Chuck, Buihlng, 291 
Chucki, Magnetic, 406 
Chncki, Protection, 525 
Chucki, Vacuum, 418 
Cincinnati Milling Machine Co., Dau on 
Cutter Grinding, 194 
Grcle, Area of, 413 
Grcl^ Circumference of, 412 
Qrcularing Oiliu Syitemi, 404 
Grcumference of Gme, 4l2 
Greumferencea of Wheeli, 364 
Gark, Jamei Jr.. Electric Co., Inc , Data 
on Klectnc Grinden, 414 
Gay Grinding. Wheeli for, 329, 344 
Qeaxting Grinding Machinei, 388 
Gearance Angle for Drilli, 199 
Gearance in Cutur Sharpening, 189 
Geyeltnd Abraiiye Wheel Co., 44 
Geyeland Abraiive Wheel Co., Gevite, 314 
Cleyeland Abraiive Wheel Co, Gevorun- 
dum, 314 

Geveland Stone Co.. 45 
Gevite, Geveland Abraiive Wheel Co.. 314 
Qevorundum, Geveland Abraiive Wheel 
Co«314 

Goth, Crocui, 36 

Cloth, Emery, 36 

Goiter Geara. Grinding of, 215 

Coated Abraiivei, 35 

Cocki, Brail, Grinding of, 285 

Collectori for Exhauit S^itemi, 395 

Color Vamiih, Automobile Body, 421 

Combinatiott Gnta, 315 

Commercial Grinding Wheel Co. Inc., 44 

Commutator Dreaiing, 428 

Commutator Grinding, Wheeli for, 329, 

Compariion of Grinding Wheel Gradeii 316 
Com|ciund, Abraiive, for Fitting Beannga, 

Compound, Grinding, 67 


Compound, Grinding, for Aluminum, 170 
Compreii Poliihing wheeli, 487 
Con^ty W. Paul, DaU on Crankahaft 
Grinding, 70 

ConcreU Grinding, Wheeli for, 329, 345 
Conei, Ball Bearing. 175 
Conei, Pyrometric, 320 
Conea, P^metri^ Uae of, 298 
Connecting Rod Grinding, 185 
Connectliu Rod Grinding, Wheeli for 
329, 345 

Conatitntion Stone Co., 45 
Coniumption, Grinder*!, 398 
Cooking Uteniili, Poliihing, 487 
Cooling Solution, 67 
Coping Wheeli, 452 

Goppor 
Grinding, 185 

Grinding, FUled Wheeli for. 293 
Grinding, Wheeli for, 329, 345 
Core Cutting, 428 
Coro Drilliri22 
Core Grinding, 428 

Coreg^Safo^ Grinding Wheel & Machine 

Corrugating Rolla, 254 

Cortland Grinding Wheel Co., Inc., 44 

Cortland Grinding Wheel Corp., Carbora, 

Cortland Grinding Wheel Corp , Oxaluma, 
314 

Corundum 
Analyiia of. 6 
Cleaning of, 7 
Depoiiti, 6 
German, 2 
Hardneai of, 6 
Iron-Free, 2 
Preparation of, 7 
South African, 7 
Coat of Buffing, 482 
CounUrihaft »eed, Coi^uting, 413 
Coupler and Drawbar Grinding, Wheeli 
for, 330, 345 

Gronkaluift 
Buffing, 73 
Grinder, 147 
Grinding, 68, 249 
Grinding, Wneela for, 70, 330, 345 
Honed, 373 
Honing. 73, 372 
If PPing, 448 

Manufacture, Operationi in, 68 
Creiolite, Canadian-Hart Producti, Ltd., 
314 

Crocui and Rouge, 27 
Crocui Goth, 36 
Crocui Compoiition, 8 
Croii-Slide Adjuitment, 73 
Cniahed Sted, 411 
Cruihed Steel, SUea of, 412 
Cruihing Bort, 118 

Cruihing Rolli, Graim Grinding of, 254 
Cryitoliu, Macklin C^o , 314 
Cryitolon, Norton Co., 314 

Gup Whoeln 
Double, Standard, 312 
Flaring, Standard, 310 
Protection of, 521 
Straight Standard, 311 
Cut, Depth of, 73 
Cut Glaii, Grinding of, 430 
Cutlery Grinding, 186 
Cutlery Gnndiite. Hemming Machinei, 
Speed for, 364 

Cutlery Grinding, Whedi for, 330, 345, 353 
Cutoff Whedi, 290 
Cutter-GUndiu Machinei, 147 
Cutter^Head Gnnder, 148 
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Gutter Sharpening 
Arbor for« 190 
Qeannce fot, 189 
Guide Finger for. 190 
On Unxvenal Grinder, 96 
Wbeeli for, 330, 345 

Cutter and Reamer Grinding, Railroad 
Thope. 245 

Cntten, Angular, Grinding oL 191 

Cutten, Form, Grinding of, 191 

Gutter!, Potter, 415 

Cutting, Corel, 428 

Cutting Diamond!, 118 

Cutdng Giaii, 430 

Cutting^Off Grinder, 148 

Cutting Off, Machine Shop, Wheeli for, 334 

CuttlngOdT Wheels, Standard, 308 

Cutting Steel and iNibing, 195 

Cylinder Bores. Larget Honing o^ 381 

Cylinder Grinders, 148 

Cyllnte Grlndnig 
Gages for, 196 
Practice, 196 
Stock RemovaL 248 
Wheels for, 247; 330 
Cylinder Hones, 249 

Cylinder Henlng 

Practice, Chandler Motor Car Co., 377 
Practice, ChiTsler Motor Corp., 378 
Practice, Dodge Bros., 378 
Practice, Hupp Motor Car Corp., 380 
Pnctic^ Oakland Motor Car Co., 378 
Cylinder, Volume of, 413 
Grinder Wheels, Protection of, 521 
Cylinder Wheels, Standard, 30^ 309 
Cylinders, Regrinding of, 247 
Cylinders, Wheels for Grinding, 345 

Cylindrical Grinding 
Allowances for, 48 
Machines, 148 
Of Aluminum, 170 
^eed for. 364 
Truing Wheels for, 367 
Work Speed for, ll5 
Cylindrical Lapping, 440 
Cylindrical Lips, 440 
Cylindrical Whedi, Standard, 307 
Cylindrical Work, Special Fixtures for 
Grinding, 110 

Dana, J. S., Data on Tripoli, 29 
Davenpo^^A B., Jr., Data on Roll Scour 

Dayton Alumina Oxide, A A. Slmondi 
Dajrton Co , 314 

Dayton Silicon Carbide, A. A. Simonds 
Dayton Co. 314 
Dead'RoIl Grinder, 181 
Definition of Grinding, 384 
Definition of Hone, 3/1 
Demagnetiters for Magnetic Chucks, 410 
Depth of Cut, 73 ^ ^ ^ 
de Sanno, ft Son A. P., 44 
de Sanno ft Son, A. P , Radlac. 315 
Designing Parts for DiikGnnder, 131, 133 
Detroit-Star Grinding Wheel Co , 44 
Detroit Star Grinding Wheel Co , Staralon, 

Detroit Star Grinding Wheel Co., Staralox, 
315 

Derice for Driving Valves, 109 
Devices, Balancing, 291 ^ 

Devices, Work Locating, 98 

Dbunond 
Balias. 10, 123 
Black, 9 

BrubUpo, 121 

Bracing of, 124 


Bull-Nose, 123 
Ctrbflinado,9, 121 
^ting in Hace, 125 
Color ot 9 
Cutdjtf, 118 

DiSb, 122 
^st, 425 
Glasers, 126 
Hints on Using, 127 
l^pk 448 

Mechanical Setting of, 124 
Mining, 9 
Points, 120 
Powdery 121 
Wver Workings, 9 
Rock Drililnri2I 
Saws, 123 
SelsctbiL 123 
Setting, 124 
Shapes, Bort, 118 
Slse of, 122 
TooirShaped, 127 
Vitrlers, 126 

rnttH TnriM, Use of, 366 
.Where Found,, 8 

Diamond Machine Co., Data on Pulley 
Grinding, 244 

Pjntomacooiio Forth 
Analyses of, 12 
Compotirion of, 11 
Uses of. 12 
Where Found, 11, 13 
Die Grindl^, 197 
Die (Ending, Wheels for, 360, 345 
Dies, Diamond, 120 
Dies, Wheels for Grinding, 353 
Dimensions of Paper Mill Rolls, 251 
Dish Whedi, Standwd, 310 

Dlak Grinder 
Designing Farts for, 131 
Double, 131 
Pattern Makers\ 130 

DUkGrindinft 
Brass, 136 
Cast Irem 137 
Feeding Pressure, for, 136 
Finish Allowance for, 134 
Machines, 149 
Flat Irons, 256 
Practice. 130 
Problems, 133 
Sixes of Grit for, 136 
Sted, 136 
Small Work, 130 
Speed for, 134 

Dlaka 

Abrasive, truing of, 140 
Garnet, 136 
Garnet Paper, 36 
Setting Up, 137 

Dodge Bros. Cylinder Honing Practice, 378 
Dog, Quick A^ng, 102 
Dominion Abrasive Wheel Co , 44 
Dominion Abrasive Whed Co, Carbolox, 
314 

Dominion Abrasive Wheel Co., Excelite, 
314 

Double Cup Wheels, Standard, 312 
Double Disk Grinder, 131 
Drake, Howard P., Data on Card Qotbtng 
Grinding, 179 

Drawbar and Coupler Grinding, Wheds 
for, 330 

Dresser Guards, 529 
Dresser, Metcalf, Use of, 367 
Dreiilng, Commuutor, 428 
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Drill Grinding 

Anvolar CtaartncMi 202 
Maehinei. 150 
Praedca. 198 
WhMlf 331. 345 
Whedii Spaad for, 364 
Drill ]^d, Centarleaa Orindiu of, 63 
Drills, daarance, Ancle for, 199 
Drills, Coro, 122 
Drills DUmond. 122 
DrlYor, Work, 98 
Diiring Devices for Pistons. lOB 
Driving Derices for Twist Drills, 108 

for Grfndln,. 

14^ 353 

Dry Grinding of Cylinders, 196 
Dnnbar, Howard W., Data on Cam 
Grinding, 51 

Dunbar, Howard W., Data on l^amond 


Use, 127 
Dust, IMamond, 


425 


lAunouv, 

Dust Disposal. New Jersey Coda, 396 
Dust Disposal, State-Law Raqulramants 
for. 396 

Dust Disposal, Wisconsin Coda, 396 

Dynamic Balance, 387 

Dynamo Balandng of Polishing Wheels, 

Eagle Emexy ft Corundum Wheel Co., 44 
“ “ ‘Wllw 


Ear^^^ 


[imot, V. L., Data on Garnet, 


Early Wbeel Pricaa, 295 
Early Manufacture of Manufactured Abra- 
ttveo, 296 

Earth, Datomaceous, 11 
Earth,. InfuiorUl, 29 
Economy of Large Wheels, 292 
Edge Tools, Wheels for Grinding, 353 
Efficiency of Different Grades, Relative, 
289 

Effiden^ Teat for Wheds, 356 
]^astie Process, 296 
Elastic Wheels How First Mad& 296 
Elbows for Exhaust Systems, 392 
Electric Emery Wheel Co~ 44 
Electrolom Abrasive Co., 314 
Elements Entering into Honing, 374 
Ellis, T. J., Data on Emery, 16 

Emory 

American, Analysis of, 15 
Cake, 17 

Characterittics of, 16 
Goth, 36 

Goth Filleting, 38 
Goth, Uses of, 37 
Composition of, 13 
Deposits, 13 
Gredan Archipelago, 13 
Massachusetts^ 15 
Mimng Operatioxis, 14 
Naxos, if 
Nicaria^ 14 
Peekskill. N. Y., 15 
Speafic Gravity of, 16 
S&lng, 17 
Structure of, 13 
TurUsh, 14 

Turkish, How Found, 15 
Uses oL 16 

Emery Wheel, Granite Finishing, 433 

End Grinding. Spherical, 111 

Engineering, Abrasive, 365 

Error in Cam Grinding, 5 1 

Error in Grinding, 77 

Estimating Grinder Production, 78 

Eureka Stone Co., 45 

European Uses of Garnet, 20 

Evils of High Work Speed, 113 

Ewalij W. C , Dsta on Chisel Sharpening, 


Excellte, Dominion Abrasive Wheel Co., 

Excelsior Polishing Machine, 476 
Exhaust Practice, Grinding Room, 389 

Biiiftiift a iyit uBM 
Collectors for, 395 
I>eilgn of Hoods, 389 
ElboVa lor, 392 
Friction Loss, 392 
Hood Connection Sixes, 391 
Piping for. 392 
State Ordinance^ 390 
Static Pressure, 395 
Static Preasnre in, 389 
Typical Layout for, 390 
Use of Water Gage, 389 
Vdodty of Pressure, 389 
Emlon Co.| 46 

Face Grinding, Fixture for, 96 
Face Grinding on Universal Grinder, 91 
Facing Wheel, 299 
Faulty Setting of Work, 105 
Feather Grinev, 469 
Feed, Traverse, 88 
Federal Abrasives Co,. 46 
Federal Abrasive Works, Inc., 44 
Feeding Pressure for Disk Grinding, 136 
Feedsfor Drill Grinding, 201 
Fellows Gear Shaper Co^ Data on Gear 
Grinding, 216 
Female Centers, 104 
Ferodowill Skate Grinder, 261 
FOe Grinding, 205 
File (Mndlttg, Wheels for, 331, 346 
FiUed Whe^s, 293 
Filleting, Emery Goth, 38 
Filleting Emery Goth. Use of, 181 
Finish^lowance for Disk Gnndlng, 134 
Finish Grinding Allowance for Lapping, 444 

Ftninhlnft 

Allowances for Internal Grinding, 219 
Automobile Bodies, 420 
Granite, 433 
Hats. 38 
MarbIeJ152 
Paper, Flint, 36 
_ Paper, Garneh 36 
Fire-Brick GMndlng, 429 
First Grinding Wheel Accident, 295 
First Operation of Cardorundum Co , 296 
First Sale of Wheels, 295 
Fltti^^Bearings with Abrasive Compound, 

Fitting l*iston RIm, 249 
Fixture for Face Grinding, 96 
Fixtures for Internal Grinding, 219 
Fixtures for Piston Grinding, 238 
Flange, Wheel, Spedflcations for, 526 
Flanges, Protection, 525 
Flatiron Grinding, 256 
^•t Spots, Car Wneel, 178 
Flexlbth Grinder. 150 

Flint 

Components of, 17 

Finishing Paper, 36 

Paper, 17 

Paper, Sixes of, 36 

Paper and Goth, Uses of, 37 

Quart!, 17 

Shot, 17 

Speafic Gravity of, 17 
riood^ubrication for Grinding Machines, 

Floor Grinder, 151 

40 

Flour Rolls, Gnnmng of, 254 
^utea, Reamer, Grindlim of, 246 
gutas. Tap. Grlndinf 0^246 
Fluting, Wheels for, 331 
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Forc& Cantrifngtli in WHeeli. 288 
Ford Motor Co., CenterlettOrindliLt Open* 

Forgl^l’Wheoli for Grinding. 331, 346 
Fork Grlndi^ Agrienltural, 207 
Fork Tinei. Wnedi for Grinding, 331, 346 
Forks, Table, Grinding o^ 188 
Form Cottars, Grinding cd, 191 
Form Grinding, ^ 

Form Grinding. Limitations oL 70 
Formulas for Grinding, 80 
Formnlas, Mathematical, 412 
Foundry Cleaning Room Practiee, 426 
Foundry Cleaning Room Wheels, Speeds 
for, 427 

Friction Lots in Exhaust Systems, 392 
^g and Switch Qrindingi 210 
Frogs and Switches, Wheels for Grinding. 
331, 346 

Furnace, Aluminum Oxide, 3 
Gage, Pin. Grinding of. 111 
Gages, Grinding, 400 
Oage^ Wheels tor Grinding, 346 
Gap^nder, ISl 

Gap Grinder for Railroad Shops, 245 
Garden Rakes, Grinding of, 210 
Gardner Machine Co» M 
Gardner Machine Co., Data on Disk 
Grinding, 136 


Garnet 

AlmandltOj^lS 
American Oenoslts, 20 
Andradlte. 18 
Capillary Test, 22 
Coated Paper, 19 
Color of, 23 
Composition of, 18 
DUkTlSS 

European Uses of, 20 
Finishing Paper, 36 
Glass Grinding with, 20 
Grains. IS 

Grains. Selection of, 21 

Orossularite, 18 

Paper Dlaks. 36 

Paper and Cloth. Uses of, 37 

Paper, Sixes of, 36 

Preparation of. For Glass Grinding, 23 
Pyrope, 18 
Rhodolite. 18 
Spanish, 21 
Spessarite, 18 
Testing, 21 
Uses of. 19 
Uvarorite. 18 
Garnet, Varieties of, 17 
When First Employed in United States, 
20 

Garrison Machine Co., Data on Gear 
Grinding, 216 
GandiUiM. A. A., 3 
Gages, wheels for Grinding, 331 
Ge Bott, J. D., Data on Saw-Mill Wheel 
Grinding. 259 
Gear Grinding, 213 

Gear Grinding by Formed Wheel Method, 
214 

Gear Grinding Machine Co«, Data on 
Gear Grinding, 214 
Gear Grinding Machine^ 151 
Gear Grinding Wheals, Truing of, 214 
Gears, Wheels for Grinding, 331,346 
General Abrasiye Co., 46 
General Grinding, Railroad Shops, 245 
General Grinding Wheel Co., 44 
General Grinding Wheel Corp.. Alumlnoid, 

General Grinding Wheel Corp., Carbonold, 
314 

German Corundum, 2 

Giles, Theo., Data on Knife Grinding, 231 


Giaholt Machine Co., DaU on Tool Grind- 
ing, 279 

Glass, Abrasive. 2 

dOM 

Cutring, 430 
Grinding, 20. 429 
Grinding, Acid PoUsh. 431 
Grinding, Beveling, 4z9 

r431 

_ 4tting, *30 

Grinding, Emerying, 430 
Grinding, Lonae^ 431 
Grinding, Plain Blank, 431 
Grinding, Plate, 429 
Grinding, Stoppers, 433 
Grinding, Tumolenu 432 
Grinding, White Wheeling, 430 
Grinding, With Garnet. 22 
_Whoel8 lor Grinding, 3ll, 346 
Glax^ and Loaded W&^a. 317 
Glaxlers’ Diamonds, 126 
Glailng AutomoblU Bodies, 420 
C^b^t^ Abrasive Co.. 24, ^ 

Glue and Cement Bond, 294 
Glue for Polishing Wheus, Treatment of, 
510 

Grade Scale, Universal, 316 
Grades, Grinding Whed. 3 15 
Grade^ Grinding Wheel, Comparison of. 

Grading of Abrasive Material, 397 
GradlnJi of Abrasive Paper and Clotl^ 397 
Grain Crushing Rolls. Grinding of, 254 
Grain Depth of Cut, Theory. 74 
Grain Sixes for Polishing, 482, 510 

Gnmlto 
Finishing, 433 

Finishing, Emery Wheel, 433 
Finishing, Ironing Wheel, 433 
Flnlshi^, Shot for, 433 
Wheelalor Grinding, 333, 347 
Gray Iron, Wheels for Grinding, 353 
Greases for Lubrication, 402 
Grecian Archipelago, Emem 13 
Green Wheel. Bhavli» of, 298 
Grinder Production, Estimating, 78 

Grladert 
Auto Parts, 143 
Belt. 143 
Bench. 143 
Cam. l44 

Card Gothing, 144 
Card Criinder, 145 
Car Wheel. 144 
Center, 145 
Crankshaft. 147 
Cutter Head, 148 
Catting Off. 148 
Criinder, 146 
Electric, Reversing, 414 
Flexible, 150 
Floor, 151 
Gap, 151-245 
Guide Bar, 152 
Hand. 152 
Harrow Disk, 152 
Hob, 153 
Hoe. 153 

HolbwwWare, 153 
Knife, 156 
Up. iS7 
Nail Di«, 15S 
Oilstone. 158 
Piston, 159 
Plow. 159 
Plunge Cut, 1S9 
Portable. 160 
Profile, 160 
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Radiali 160 
8iw. 161 
SicUo 162 

StoTo-rlaU. 162 
Swing Frnm«t 165 
Swing Frame, Uio oXi 426 
Thraid. 166 
Tod. 166 ^ 

Tod Poet, 166 
Unirert^ l67 
Griader*e Consn^iption. 398 

Grinding 

m^w,470 
Buttone, 459 
Came, 49 ^ 

CarW 425 
CeUnIdd Ddli, 470 
Compound, 67 

Compound for Aluminum, 170 

Corar428 

Craduhafts, 249 

Cylindrical, ^lowancei for. « 

Equipment. Home-made, 153 

Error in, 77 

Faathare, 469 

Fire-Brick. 429 

Formdai for, 80 

Oagei,400 

Glus.429 

Horn, 4« 

Hqtm'i Teetk, 470 
Lehr-BlockajltSl 

mS!«\> 1. W, 43 7 
Multide WkeeL 83 
pperariont, Unique, 469 
Pearl. 459 

Practiee, Centerless, 54 
Practiee, Disk, 130 
Practice, Unirersa], 89 
Problems, Disju 133 
Plunge-Cut, 87 

Wue, 467 

ItcS 427 

l^rpewnter Platens, 468 

Grindliid WliMlP 

Aeddent, First, 295 
Baland^, 291 

Balancing Appliances for, 387 
BondsTHs 

Cuttlog Action of, 384 
Grades, 315 , , ^ 

Grades, Comparison of, 316 
Industry, 293 
Manufacture, 297 
Manufacturers. 44 

Manufacturers* Associauon. Standardixei 
Wheels. 300 

Manufacturers’ Trade Names. 313 


Peripheral Speed of. 413 
Rebusbing ox. 320 
Record, 288 


Safety Code, 520 
Standards, 300 
Supervisors, 401 
Wear. 359 ^ 

Weignts of, 361 
Wet, 529 

When First Made, 293 
Wide Wheel. 97. ^ 

Grinding and Honing Compared, 373 
Grinding and Polishing Exhaust Practice, 
389 


Grindliig Mnchinoi 
Adjustiiig Spindle Boxes, 388 
Ball Bearings for, 387 
Adjusting Spindles, 417 
AntomattcL 142 
Care of, 387 
Centerleea, 145 
Centers, Care of, 388 
Grculating Oiling Systems for, 404 
Cleaning of, 388 
Cnttor, 147 
Cylindrical, 148 
Ksk, 149 
Drill, 150 

Flood Lubrication of, 402 
Intarnal, 155 
Lubricant for. 402 
(Xling of, 387 
PearC 158 

Refitting Spindles, 388 
Reversing Mechanisms, 405 
Roll, 160 

Roller Bearings for, 387 

Setting up, 417 

SightFeed ^ers for. 403 

Smndles. Minimum Sixes of, 304 

8Srfac67l62 

Track, 167 

Typo of Oil for, 404 

Types of. 142 

Valve, 168 

Waya, Lubrication of, 405 
Grindstone and Pulpstone Producers, 45 

Gflta 

Combination, 315 

and Grain Suggeations, New York 
Baltinff ft Packing Co., 353 
Grinding Wheel, 315 
Mixed. 315 

of Paper for Finishing Automobiles, 422 
Sixes, Carborundum Co., 324 
Guards, Dresser. 529 
Guide Bar Grinder, 152 
Guide-Bars, Locomotive, Grinding of, 245 
Guide Bars, Wheels for Grinding, 333, 347 
Guide Finger for Cotter Sharpening, 190 
Gumming, Saw, 257 
Hall, A. L., Data on Corundum, 7 
Hall Grindstone Co., 45 
Hamilton Emery ft Corundum Co., 46 
Hammers, Wheels for GnndiM, 437, 353 
Hampden Corundum Wheel Co , 44, 46 
Hami>^den Corundum Wheel Co., Oxylum, 

Hampsott, Donald A , Data on Disk 
Grindi^ 131 
Hand Bnrniraiiyri 423 
Hand Gnnder, 152 
Hand Lapping, 437 
Handle Sanding, Belts for, 434 
Handle Sanding Practice, 434 
Handle SandinA Settinjg up Belts for 434 
Hard Rubber, Wheels for Grinding, 353 
Harrison, Nathan C, Data on Granite 
Finishing.433 

Harrison, R. JE. W , Data on Gnnder Pro- 
dnctloni 78 

Harrow Disk Grinder, 152 
Hart^^beit^Manufacturer of Silicate 

Hat Finiihiu, 38 
Hatchets. Wheels for Grinding, 333 
Hawes Hoe Grinder, 208 
Haynes Stellite Co, Dau on Stellite 
Griodingj 262 

Heald Machine Co., Data on Internal 
Grinding, 229 
Heat, Kiln, 298 
Heater Parts,. Polishing, 489 
Hemming Grinders for Cutlery, 187 
Hen^ J. M., Data on Diamond Setting, 
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Hermann, C. C., Checking Wheel Produc- 
tion, 288 

Hexagon H^ad Bolt, Grinding of, 110 

Highspeed I>rilli,204 

High ^eed Steel Xnlvei, Grinding of, 236 

High Work Speedy EtUi of. 113 

Hint* on Uti^ Diamonds, 127 

Histo^ of Gnnding Wheel Manufacture 

Hob 'Grinder, 153 

ECoe Grinder, 153 

Hoe Grinding, 207 

Hoe Grinding, Abraiives for, 208 

Hoes, Polishing 209 

Hoffman Boll Grinding Machine, 174 

Hog Knives, Grinding of, 232 

Hole Grinding. Square. 262 

Hole, Piston Pin Relief Grinding, 240 

Hollow Grinding Chisris, 183 

Hollow-Ware Grinder, 153 

Hollow Ware Grinding 216 

Hollow Ware, Wheelsnr Grinding, 353 

Home Made Grinding Equipment, 153 

Hoiiee 
Cylinder. 249 
For Marble Finishing, 452 
Raior, 382 
Types of, 382 

Honlnft 

Crankshafts, 73, 372 
DeOnition of, 371 
Elements Entering into. 374 
and Gnnding Compared, 373 
Large Bores, 381 
Machine, Schraner, 372 
Machines, 154 
Operations, Spedal, 381 
Practice, Chrysler Motor Corp., 378 
Practice, Cylinder, 377 
Practice, Cylinder, Dodge Bros., 378 
Practice, Cylinder, Hnpp Motor Car 
Corp., 380 

Practice, Cylinder, Oakland Motor Car 
Co.. 3^8 

Hooda 

Connection Sixes for Exhaust Systems, 
189, 391 

Protection, 521, 535 
Replacing of, 528 
Horn Grinding, 435 

Hors»ower Reqnired to Operate Grinding 
Wheels, 318 

Horse's Teeth, Grinding, 470 

Horton^ Joseph, Date on Needle Making, 

Housings, Wheels for Gnnding, 347 
Hulbert Optical Abrasive Co., 46 
Huntington T^e Dresserr Use of, 366 
Hupp Motor Car Corp., Cylinder Honing 
Practice, 380 

Hutto, W. C , Data on Cylinder Honing, 
379 

Hutton Engineering Co , Data on Honing, 
381 

Hyde, Harland P , First Grinding Wheel 
Traveling Salesman, 294 
Hytens, Precision Grinding Wheel Co, 
Inc, 314 

In-Feed Method In Camshaft Gnnding, 50 
In-Feed Method in Centerless Grinding, 61 
Infusorial Earth, 29 

Inserted Tooth Cutters, Grinding of, 193 
Inspection After Breakage of Wheels, 528 

Internal Grinding 
Finishing Allowances, 219 
Fixtures, 219 
Machines, 155 

Machines, Truing Wheels for, 369 


Magnetic Chucks for, 234 
PracStt, 218 
Tapers, 90 

on Universal Machine, 89 
Wheel Speeds, 318 
Wheels, Btandara. 304 
Wheels, Truing of, 219 
Work SpeedsTalS 
Internal Leppinib 441 
InternatlonaT Pulp Stone Co., 45 
Ireland-Matriiews Mfg. Co., Description 
of Polishing Methods, 4^6 
Irqxh-Free Comndnni, 2 
Iron, Malleable, Grinding of, 427 
Irodng Whe^ 401. 433 

J ackson Emery Mills Co., 46 
acobs, Charles B„ 4 

aoobs, Richard D., Data on Surface 
Gnnding, 271 
Jewelry, Poluhing of, 512 
f g-Button Grinding, 230 
junter. Knife. 156 
'TointS|JU>raslva Belt, 34 
Tones Polishing Machine, 475 
^oumal Boxes, Grinding Machines, Ad- 
justment of. 388 
** ' ' pUjiond Gage. 367 
»n Wheel T 


feller, John F., Data on 
* r S] 


Selection 

by^park Method, 321 
Kettle Gnn^ng^lS 
Key to Letter JDimeniions Wheel Stand- 
ards, 301 

Keystone Emeir Mills. 46 
jg^^^^Gri^oing, 230 

Kiln Heatk 298 
Kilns, Vi Ayittg. 298 
King Tool Grinding Co., Data on Cutter 
Recntting, 462 

Klou Machine Co., Data on Handle 
Sanding. 434 

Knife-Edge Sqnere, Grinding of, 371 
Knife Grfnden, 156 
Knife Grinding, 231 

Knife Grinding, Dressing Wheel for, 232 
Flnife Grinding, Meat Cutter, 336 
Knife Grinding, Skiv^ Machine, 261 
Knife Grinding 

Knife Grinding Wheela, Speed for, 364 
Knife Jcdnter, 156 

Knivea, High Speed Steel, Wet Grinding 
of. 236 

Knivea, Table, Grinding. 287 
Knives, Wet Grinding of. 235 
Knives, Wheals for Grinding, 333, 347 
Lacquer. NItro-Cellulose, 421 
Lsdoo, Raymond B., Data on Tripdi, 39 
Laminated Felt Polishinji Wheels, 487 
Landis Grinding Machines, Balancing of 
Wheels, 291 

Landis Tool Co., Dsts on Wheel Tming, 
367 

Lansing, K. H., DsU on Grinding, 171, 
279. 452 

Lap Grinder, 157 

Lnpplxig 

Crankshefu, 448 

Finish Grinding Allowance for, 444 

Gagei, 437 

Hand, 437 

Meclunes, 157-442 

Piston Pin^ 443 

Practice. 436 

Lftpu 

Action of, 436 
Chargiim of, 438 
CvUndrictl, 440 
Diamond, 448 

Horiaontal Cast Iron Rotary, 437 
Interns], 441 
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Sho^ 450 


Types of, 436 
VerdciJly Operated, 438 
Large Boros, Honing of, 381 
Large Wlieeli. Economy of, 392 
LarM Worl[, Driving of. 103 
Lathe Centeis, Wheels for Grinding, 334 
Lathe, Fotterii 354 
Lawn Mower Sharpening, 337 
Layont for Exhaust System, 390 
Layout of PoUshing Room, 493 

Lositliflc 
BncktaiJinb iSO 
BafBng, 45u 

Operatione in FinisMim Shoes, 450 
Sharpening Knives, 449 
Shaviu Machines, 449 
Tap Scouring, 450 
We t Wheeling, 449 
Wheele for Grinding, 334 
Worldim. 449 

Lecs*Bradner Co , Data on Gear Grinding, 
215 

Lehr-Bloch Gnnding, 451 
Lens Grinding, 431 
Lettering by Sandblasting| 465 
limitations of Form Grinding, 79 
line Shi^ Speed, 414 , 
linhi, Locomotive. Grinding aL 245 
linhs. Wheels for Grinding, 348 
lion Grinding Wheels, Ltd., 44 
lion Grinding Wheels, Ltd., jMnlion, 313 
lion Grinding Wheels, Ltdn Carbolion, 313 
lithowhite Suex Co^ 46 
Live Centers, 99 
Loaded and CBaced Wheels, 317 
Locating Work for Intemal Grinding, 219 
Looomorive Guide Bars, Grinding 245 
Locomotive links, Grinding of, 245 
Locomotive links. Wheels for Grinding, 
334 

Locomotive Throttle Valve Grinding, 285 
Locomotive Urea, Truing of, 385 
Locomotive Wheris, Tming of, 385 
Lombard 8c Co.. 45 
Long Work, Arbor for, 107 
Loose Canvas Polishing Wheals, 485 
Loose Fnll^Disk Buffs, 506 
Lubrication of Spindles, 529 
Lubricant for Gimdiu Machines, 402 
Lubricants, Use of, 9/ 

Lubrication, Greases for, 402 
Lubrication of Grind^ hiachines, 401 
Lubrication of Grinding Machine Ways, 
405 

Lucas, Dr. H. 6i|15 

Lyoiu^^bt. E.,l3ata on Diamond Setting, 

Abrasive Belts, 35 
for Ball Gtindiim, 143, 173 
Gear GrindlM, 151 
Grinding, 142 

Grinding, Spindles, Bdlnimum Sizes 
of. 304 
Honing, 154 
Lapping, 157 
Sharing, 354 
Macklin Co., 44 
Macklin Co , Aluminite, 313 
Macklin Co., Cryatolite, 314 

Magnetic Chucks 
Ausliary Plates for, 409 
Blanchard, 411 
Demagnatizers for, 410 
Daicnption of, 406 
Holding Small Pieces on, 408 
lines « Force, 407 

LocsOng Work for Internal Grinding, 


Prindpla ^ 406 
Result of Water leakage, 410 
RotaryL411 
Short urcnite in, 410 
Tronblea of, 409 
Riding of. 411 
Making Machines, 35 
hdaking Needles, 454 


Making Machines, 35 
hdaking Needles, 454 
Mallesbie Iron, Grinding oL 427 
Malleable Iron Grinding, Wheela for, 334, 
348, 352 

Manganese Coin Safes. Grinding of, 257 
Mawttan Rubber Nfo. Co., 44 
Manhattan Rubber Mfg. Co., Boro Car- 
bone, 313 

Manhattan Rubber hfifg. Co., Wheel Speed 
Table, 365 

Manning Abrasive Co , 44 
Manning Abrasive Co., Testing Abrasive 
Coated Products, 4l 

Manufacture of Abrasive Paper and Cloth, 
35 

Manufacture of Grinding Wheels, 297 
Manufacture of SheUacwheela, 299 
Manufactured Abrasives, Early Manu- 
facture of, 296 

Manufactured Abrasives, Producers of, 45 
Manufactures of Grinding Wheels, 44 
Manufacturiim Process for Wheels, 297 
Marble and Stone Grinding, Wheels for. 

Marble Finishing, 452 
Marble Floor Suxtacing, 452 
Marble, Wheels for Gnnding, 348 
Marietta Stone Co., 45 
Marb, Chatter, 67 
Master Blocks, 319 
Master Cams, 50 
Mathematical Formulas, 412 
McQintock, A. S., Successor Ohio Bug 
Sandstone Co., 45 

McQung, H. F., Dats on Centerless Grind- 
ing, 62 

Meat Cutter Knife Grinding, 238 
Mechanical Setting of Diamonds. 124 
Metal Finishing with Abrasive Belt 
Machines, 37 
^tsl Sanding. 38 
Metallic Abrasive Manufacture, 411 
Metallic Abrasives, 23 
Metallic Abrasives, Sius of, 24 
Metallic Abrasives, Uses of, 24 
Metallographic Specimens, Wheels for 
Grinding, 335, 348 
Metcalf Dresser, use of, 367 
MetW for Selecting Steel by Spark, 321 
Mezicon-Felt Polishing Wlieels, 485 
Middlcburg Stone Co., 45 
Mllly^ Inward, Data on Diamond Setting, 

Rolls, Steel, Grinding oL 252 
Idling Cutters, Recutting of, 461 
^hng Cutters, Sharpening of, 188 
Milward at Sons, Description of Needle 
Making, 454 
Mineral, Spanish, 28 

^nimum Sizes of Machine Spindles, 304 
h^nesota hfining A Mfg. Co., ^ 

^tchell Buffing Machine, 475 
Mixed Grit, 315 

Monol^Metal, Wheels for Grinding, 348, 

Moon, Wchard F., Data on Surface 
Gnnding, 271 

Moore, W. L., Work on Wheel Standardi- 
zation, 301 

Morgan, R. L., Data on Intemal Grinding. 

Mom. Lawn, Sharpening, 237 
Mulnple meel Grinding. 83 

Nail-Dle Grinder, 158 
Naripnal Grinding Wheel Co., Inc., Natal- 
ite, 314 
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Nitional Orindins Wheel Co.. InCn N»- 
tftlon.514 

Natloitel Orinding Wheel Co., lac., Nat- 
randaok 314 

Netlona] Gnndlnc Wheel Co., Inc., Natam- 

lte^^3l4 

Naxoa Bmexr, 13 
Needle Maldag, 454 
Needlea, to Orinding, 335, 349 
NegatlTe Work S^d. 115 , 


New York Belting ft Paeld^ Co., Orit and 
Grain Snggeationi, 353 
New Ynk Belting ft Facldng Co., Vnlcaaite, 

Niagara Emerr Milla, Inc.. 46 

Nitro-Cellnloae Lacquer, 431 

Nor^y ft Mannon Co^ Lap^ng hCaehine, 

Northampton Emerr Wheel Go., Earlr 
Wheti Manufactnre, 294 
Norton^ B. F., Earir Wheel Mannfactarer, 


AbrailTea, 44 46 
Alundum, 313 

Cryirtolon, 314 . 

Earir Manufacture of Wh^^ 395 
Grade Recommendatione. 343,353 
Grindiitf Wheel Nomenclature, 341 
Oakland Motor Car Co., Crllnder Honing 
Practice, 378 

Oakland Motor Co., Aluminum Grinding, 
170 

Offiet Wheeli, Standard, 312 
Ohio Buff Sanditone Co., 45 
Ohio Quarriea Co., 45 
Ohio Valley Stone Co., 45 
Oil FiUed Wheeli, 293 
Oil for Grinding Machinei, 388 
Oil Sanding, 39 

Oil Sanding Automobile Bodiea, 421 
Oil, Typei lor Grinding Machinei, 404 
Oil, Viicoiity of, 402 
Oiling Grittdmg Machinei, 387 
Oilitone Grinder, 158 

Oliver Chilled Plow Worka, Data on Plow 
Grinding, 241 

Oliver. E. C. Data on Drill Grinding, 203 
Open-Coat Aoraiive Paper, 39 
Open Sandblait, 464 
Operating Rnlea, Wheel, 528 
Operation! in Crankihart Manufacture 68 
Operationi, Surface Grinding. 269 
Ordering Bnffittg Wheeli, 505 
Orelite, Pittib^h Grinding Wheel Co.. 314 
Out^-Ronnd Work in Centerieai Grinding, 
Cauiei of, 58 
Overblow, Tumbleri, 432 
Oxalnma, Cortland Grinding Wheel Corp., 

Oxide, Aluminum, 2 „ ^ 

Oxylum, Hampden Corundum Wheel Co., 

Pacific Corundum Wheel Co., 44 
Pangbom Corp., Data on Sandblaiting, 465 
Paper, Abraaive, Wateipro<A 42 
Paper and Cloth, Abraiive, Grading of, 397 
Paper Mill RoUi JDimenaiona of, 351 
Paper Poliihing WheeU, 486 
Paper, Pounang, 39 ^ 

Parta, Deiigning. for Diik Grinding, 133 


Patent! on Vitnned Wheela, Early. 295 
Pattern Makeria Dlik Grinder, l30 
Pearl Grinding, 459 
Pearl Grinding Machinei. 158 
Pearl Grindings VHieeli for, 335 
Pemberton, A. C. Data on Grindera 
Coniumption, 400 


Penlnaular Grinding Wheel Co.. 44 
Pennaylvnnia Pnlvwisii^ Co., 46 
Percentage of Weite in Buffi, 509 . 
Perraheral Speed of CMnding Whe^ 413 
Pfe^, H. W., Data on Exhauat Syetem, 
369 

Phalen, W. C, Data on Diatomaceoua 
Earth, 11 

Philadelphia Ramd Tranait Ca, Track 
Grindiu, 260 
Pine-Gage ^udlng, 111 
Pin, Piaton, Grinding, 239 
Pin, Piaton, Hole Grinding, 240 
Rut Katon, Hole, lldief (Srln^ng, 240 
Pina, Wh^i for Grinding, 349 
Pipe-Ball Grinding, 238 
Pipe Balia, Wheela for Grinding 336^ 349 
Pipe, Wheeli for Grinding; 

Piping for Ezhanit Syitenu, 392, 395 


Grinder, 159 
finding, 238, 249 
Grinding, Aluminum, 170^ 
Orinding, Flztnrei for, 238 
Pin Orinding, 239 
Pin Hole GnndiM, 240 
Pin Hole Relief CSrinding, 240 
Pina, Arbor for Finiahing, 107 
Pina, Lapping of, 443 
Pina, Whecdi for Grinding, 336 
Ring Orinding, 240 
Rlngi, Fitting, 249 


Roda, WheeU for Grinding, 336 
Roda, WheeU for Grinding, 349 
Piitoni, Centerleaa Orinding oL 65 
Piitona, Driving Demcei for, 108 
Piitoni, Wheela for Grinding, 336, 349 


Pittibnrgh Grinding Wheel Oe., Caldnite, 

Pitttburgh Grinding Wheel Co., Orelite, 
314 


Plate OUaa, Poliihing, 429 
PUte, Stove, Grinding, 265 
Plow Grinder, 159 
Plow Grinding, 241 ^ 

Plow Qrindiiur of Card Clothing, 180 
Plow Point, Grinding, 242 
Plow Shaoei. 242 

Plowa, ^edi for Grinding, 336, 349, 353 
Plumb, Wm. B.. DaU on Gnndsra Con- 
aumptlon, 399 

PInmberi’ Gooda, Polishing, 490 
Plnnge-Cnt Gindar, 159 
Plunge-Cut GrindtngJ37 ^ 

Pneumatic PoluhingWheel, 484 
Points, Diamond. 120 
PolUher, Strap, 516 

PolUhlnA 

Automatic, 475 
Axea, 172 

and Buffing ^eedi, 487 
and Buffing WheeU, 484 
and Flniihlng Bumpera, 488 
Belta,484 . 

Caking Utenaili, 487 


Cutlery, 187 
Gain sixea for, 482, 510 
Heater Parta, 489 
Hinta, Practical, 497 


Hoea, 209 


Silverware, 512 
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Plnmberi* Goodi. 490 
Rmdlfttar SheUi. 492 
Rpom, Ezluiiit Practice, 389 
Room Laron^ 493 
Suel Balli, 174 
Store PAr^ 494 

jPoUdilii^ ItfftchlnM 
Excelfion 476 
Jonea, 4^73 


JOXM 
ROia. 47 
Scbalte, 


476 


477 


PoHahlng WhMla 
Balancinff, 477 
BoU-1^ 486 
Coiiipreii/487 
Dynamic Balancing oL 479 
Glue for. Treatment of, 510 
Laminated Felt, 487 
Looae Canraa, 465 
Mexicon-Felt, 485 
Paper, 486 
Pneumetie, 484 


Setting np, 510 
SheeDtUn, 486 
S^c^Can^aa, 485 


Stitclied. 485 
Walma^Hlde, 486 
Wood, 486 

Poliihing With Reclaimed Abraaire, 500 
Porcelain Grinding. 460 
Porcelain. Wbeela for Grinding, 336, 349 
Portable Grinderi, li^ 

Portage Silica Co., 46 
Poaitlre Work Speed, 115 
PotBaUa.319 
Pot Grinoing, 216 
Potter Cuttera, 415 
Potter’a Uthe, 298. 354 
PonndngPaper, 39 
Powder, ^Diamond, 121 
Powder, Pnttr, 2o 

Powder, Nnmbera of Abrasive Material, 397 
Practical Poliahiim Blnta, 497 
Practice, BnmishuuQ 423 
Practice, Sanding, 59 
Pratt Grindiiw Gagea, 400 

o® Wheel 

Wear^ja 

Pratt ft Whitney Co., Development of 
IiappinR 157 

Precjaion Ending Wheel Co., Inc,, 45 
Precmon Grinding Wheel Co., Inc., Hy- 
tena, 314 

Predaion Grinding Wheel Co., Inc,, Lo- 
tena, 314 

Preddon Grinding Whed Co., Inc., Wheel 
Rack, 355 

Praised Proceaa, 297 

Preiinre Required to Press Wheels, 297 

Pric^^B. Ki, Data on Centerleaa (Mnding, 

Price, B. K., Data on Diamond Catting, 119 
Pnm» Coat, Automobile Body, 422 
Pnming Automobile Bodies, 420 
Printers Ink Buffing Whedi, 485 
Problems. Disk Grinding. 133 
Pfocessj Elsitlc, When First Introduced, 

Process, Pressed, 297 
Process. Fuddleo, 298 

Froducan 

of Abrasive Paper and Goth, 44 
of Abrasives, 44 

of G^dstones and PulpstoneL 45 
of Manufactured Abrauvei, 45 
of Natural Abraiivea in Grain Form, 46 
Production in Centerless Grinding, 65 
Production, Estimating Grinder, 76 
Profile Grinder, 160 


Protactlon 
Bands, 525 
Chucks, 525 
Devices, lypes of, 525 
FUngea, 525 
Ho^a, 521, 525 
of Cup Whe^ 521 
of Cylinder Wheds, 521 
of Ring Whe^ 521 

Public Service Rulway Co., Track Grind- 
ing 280 

Puddled Process. 298 

Pugh Co., Job T., Description of Grinding 
Methods, 171, 178 
Pulley Diameter, 414 
Pulley G^di^ 2& 

Pulley-Speed Rules, 413 
Pulleys, wheda for Grindin 
Pulp Stonea, 25 

Pulp Stones, Where Found, 25 
Pumice, Abrasive 25 
Pumice, Lfining Methods, 25 
Pumice Where Found, 25 
Putty Powder, 26 

Pyrometric Cones. Use of, 29R 320 


Grinding,244, 336, 349 


Quaker dxinding^nieel Co., Inc., 45 
Quarts for Sandblasting, 26 
Quartz, How Composed[, 26 
Quick-Acting Dog, 102 
Quilted Mualin Buffs, 507 
Rack for Storing Wheds, 355 
Radiac, A. P. de Sanno ft Son, 315 
Radial Grinder, 160 
Radiator Shdls, Polishing. 492 
Railroad Shop Grinding, 244 
Rails, Wheds for Grinoing, 3: 

Rake Grinding, 207 
Ranh, F. H., Data on Grinderia 
sumption, 399 
Razor Hones, 382 


ding, 337, 350 



Con- 


490 


ng. Railroad 


Reamer Grindi; 

Reamer and 
Shops, 245 
Reamer and Tap Flute Grinding, 246 
Reamers, Wheels for Grinding, 350, 353 
Rebushing Grinding Wheels, 320 
Redatmed Abrasive, Polishing With, 500 
Record for Grinding Wheds, 288 
Recutting Milling Cutters, 461 
^d. Connecting, Grinding of, 185 
Refitting Grinding Machine Spindles, 388 
Regnnding Automotive Cylinders. 247 
^grinding Automotive Parts, 246 
Regulation of Work Speed, 113 
Relative Efficiency of Different Grades, 269 
Rdief Grinding, ftaton Pin Hole, 240 
^moval of Stock in Disk Grinding, 133 
amoving Paint, Automobile Body, 422 
Replaang of Hooda, 528 
Resin FilTcd Wheels, 293 
Responsibility for Wheds Use, 528 
Rests, WorL 530 
Results of Simplification. 300 
Reversing Electric Grinders, 414 

3% Grinding Wheel ft Machine 

Canadian Hart Products Co., 315 
Rhodolite Co., 46 
Ribbon Grinding, 87 

Data on Grinding 
Wheel Industry, 293 

Grinding, 350 

^ll Plate for Ball Gnnding, 174 
Ung,^iton, Grinding, 240 
Mng Wheda, Protection of, 521 
^ngs^earing. Grinding of, 175 
^ck Doling Diamonds. 121 
Jod^^Puton, Grinding, 244 
Roll Gnnding, 251 
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Roll Grittdiag MtcUnoi, 160 
Roll Grinding, Wheoli for, 251, 253 
Roller Behring Cap Grinding, WBeeli for, 
337, 350 

Roller Bearing! for Grinding Micliinei,3B7 
RoUen for Bearing!, Wlxeeli for Grinding, 
337 


Arbor for Grinding, 105 
Calender, Grinding of, 251 
Cormgaring. 254 
Ilonr Afill, Grinding of. 254 
for Making Tin Fdl, ^3 
Rotogravure. Grinding of, 185 
Soonring, 255 

Sead-Cmihing, Grinding of, 254 
Steri Gnnding of, 252 
SnperHcalender, Grinding of, 251 
\^el! for Grindix^, 33^ 350, 353 
Roi! PollihiiM Machine, 476 
Rotary Cait Iron Irapa, 437 
Rotary Magnetio Cbncn. 411 
Rotogravure Rolli, Grinding of, 185 
Rouge and Crocu!, 27 
Rouge Compoiirion, 27 
Rouge, White, 32 
Rough Grinding Cami, 53 
Rough Grinding of Work, Data, 114 
Rough Stuff. Automobile Bodj^ 421 
Roughing Work, ^eed for, 113 
Round Surface!. Generating, by Cnterieii 
Grinding, 57 

Rubber Bond Wheel!, Manufacture of, 299 
Rubbing Bed, 415 
Rubbing Brick, 415 
Rule! for Operating Wheeli, 528 
Rule!, Pull^-Speed,4l3 
Runo, Chariei A., Data on Knife Grind- 
ing, 231 

Sad-Iron Grinding. 256 
Sad Iron, Wheels for Grinding, 338, 351 
Safe Grinding, 256 
Safes, Wheels for Grinding. 338, 351 
Safety Code for Grinding Wheels. 520 
Safety Grinding Wheel ft Machine Co., 45 
Safety Grinding Wheel ft Machine Co., 
Corel, 314 

Safety Grinding Wheel ft Machine Co., 
Data on Wheel Operation. 351 
Safety Grinding Wheel ft Machine Co., 
Re^ 315 
Sagen, 298J20 

St. Louis Frog ft Switch Co., Data on 
Frog ft Switch Grinding, 210 
Salvaging Abrasive Materials, 316 


Sand. Black Tewel, 425 
Sand Cores, Wheels for 


for Grinding, 338, 351 


SandbUitliil 

Barrels, 464 
Cabinet!, 464 
Equipment, 463 
Open, 4^ 

Rooms, 463 
Lettering bv, 465 
Praeti<^^ 
with Quartz, 26 

Belts, 434 
Ha^es, 434 
Machines, Kinds of, 40 
Metal. 38 

Practice, 39 
Wood Floors, 40 
Sandstone 27 „ 

Sanitary Ware Gnndlng, 467 
Saw Grinders, 161 


Grinding, 257 

Grinding, Wheels for, 338, 351 
Gamming, 258 

Gamming Wheels, Truing of, 369 
MUl Wheel Grinding. 259 
DUmond, 123 

Schatz Ball Grinding Machine. 173 
Schraner Honing Machines, 372 
Schulto Polishing Madilne, 477 
Sdssora and Shears, Wheus for Grinding, 
351 

Scouring Rolls, 255 

Screen^or Chadlng Abrasive Materiel, 397 
Seabury, W. W., Date on Centerless Grind*^ 
ing, 64 

Sectionill Wheeli, 321 
Seed-Crushing Rdile. Grindii^ of, 254 
Segment Wheel lor Surface Grinding, 275 
Selecting Buffing Ahraeivea. 504 
Selecting Buffing Wheels, 504 
Selecting Steels ny the Sipark Method, 321 
Selection of Abrasive Diska, 136 
Selection of IXamondk 123 
Selection cri Wheels. 323 
Sellers ft Co., William, Data on Drill 
Grindtn,, iOl 
Setting of Diamonda, 124 
Setting np Diaka. 137 
Setting Up Grinding Machines, 417 
Setting Phishing Wheda^lO 
Setting Up Thick Abrasive Cirdea, 138 
Srweo Canvas Wheels, 509 
Sevrud-Fieeed Secrional Buffing Wheels, 
485 

Shaped Diamond Tools, 127 
Shapea of Bort Diamond, 118 
Sharpening Stonee, 27 
Sharing Machine. 354 
Shaving Wheels, 298 ^ 

Shear-Blade Grinding, 260 
Shear Grinding, 186 
Shear Grinding, Wheels for, 338 
Sheared Dles^97 
Sheepeldn Polishing Wheels, 486 
Shellac and Rubber Wheels, Speed for, 364 
Sbrilac Wheels, Mannfectnre aS, 299 
Shoe Finishing with Abrasives, 450, 
Shoemaker, S. S., Data on Roll Grinding, 
253 

Shoes. Brake, Abrasive, 384 
Shot SteeL 412, ^ 

Shoulder Grinding Centerless, 56 
Shovel Orinding,„260 
Shovels. Wheels for Grlndlu, 338, 351 
Sichel, L.. Dsti on Way Grinding, 176 
Sickle-Blade Grinder, 162 
Side Orinding. 529 , 

Sight Feed Oilers for Grinding Machines, 
403 

Silezon, Bridgeport Safety Emery Wheel 

00-315 , 

Silicate Process for Wlieel Making, 299 
Silicon Carbide, 4 
Silverware Polishing Methods, 512 
Simonds, Herbert R., Date on MagneUc 
Chucks, 406 

Simonds, Herbert R., Data on Steel Wool, 
28 

Simonde-Dayton Co- A. A., 45 
Simonds Dayton Co., A. A., Dayton 
ijumina Oxide, 314 

Simonds Dayton Co., A. A., Dayton 
Silica Carbide, 514 
Simplification, Resulta of, 300 

Sixes 

of Diamonds, 122 

Minimum, Grinding Wheel Spindles, 304 
of CutoffWheels, 290 
of Flint Paper, 36 
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of Gftrnet Fmper, 36 
of Grit for Diik Grinding, 136 
Siting of Work, 87 
Sknta Grinding, 261 

Skntei, Wlieeli for Grinding, 338 * 

Skillet Grinding, 216 
SkiUct WlieeU,l54 ^ 

Skiyii^ Machine Knife Grincbng. 261 
SlateOrinding, Wkeela for, 338. 351 
Small WorLDlak Grinding, 130 
Smallwood Stone Co., 45 
Smlt k, Co.. Anton, Data on Diamonda, 118 
Smith ft 16, 46 ^ ^ 

Smith ft Enii Bmery hfinea. Working of, 16 
Smith, J. Lawrence, 14 ^ ^ 

Snagging and General Offhand Gnnding, 
^pSdfor.364 
Snap Oagea, Lap]ring oL 437 
S^a-Water Solnrion, 67 
SoUd-Canvaa Poliahing Wheeli, 485 
Solid Grinding Wheri, Hrat, 293 
Solntion, CooE^ 67 
Solntion,Soda-water. 67 
Spaniah-rrit Bnfflng Wheeli, 485 
Spaniah Garnet, 21 
Spanlah Mineral, 28 
Spark Method for Selecting Steel, 321 
Sparking, Uneren. 88 
Special Pixtnrea for Grinding Qrlindnca 
Work, 110 

Special Honing Operationa, 381 
Special Wheela, 354 
SpedaltieB, Abran^ 386 
Spedflcationa for Wheel-Flangei, 526 
Speed for Diik Grinding, 134 
Speeda for Foundry Cleaning Room 
Wheela, 427 

Speed for Knife Grinding, 234 
Speed, Work, 112, 413 
Speeda of Abraaive Belta, 34 
Speeda, Wheri, 364 

Speeda of Wheela for Rough Grinding, 427 
Speeda, Wheel, for Variona Operationa, 364 
Spence, Robert J., Dau on Depth of Cnt, 
74 

Spence, Robert L, Data on Formulae for 
Gnnding, 80 

Spherical End Grinding, 111 
Spindle Adjuati^^ 417 
Spindle B<nea, Gnnding Machlnea, Adjnat- 
ment of, 388 
Spindle Lubrication, 529 
Spindle Speed, Computing, 413 
Spinel, Ij 

Spline Shafta, Wheela for Grinding, 35 1 
Spline Wheela for Grindl^ 339 
Spot Grinding of Diet, 19/ 

Spring GMnding, 261 

Springer, J. F., Data on Poliahing Stove 
Farta. 494 

Springfield Mfg. Co., 45 


Farta. 494 

Springfield Mfg. Co., 45 
Springflrid Mfg. Co., Carbon, 314 
Spnngi, Wheela for Grinding, 339, 351 
Spur Geara, Locating for Grinding, 223 
Square Center. 99 
Square Hole Grinding 262 
Square, Knife-Edg^ Gnnding of, 271 
Squaring Enda of ouahinga, 92 


Cntting-off Wheela, 308 
Cylinder Wheela, 306 
CyUndrical Wheeli, 307 
Diih Wheela, 310 
Double Cup Wheela, 312 
Flanng C^ Wheela, 310 
Gnnding Wheel Sp^ecificationi, 302, 312 
Grinding Wheela, Type No. 1. 302 
Grinding Wheela, Type No. 2f, 302 
Grinding Wheela, Typo No. 3, 302 
Gnnding Wheela, Type No. 4, 302 
Grinding Wheela, Type No. 5, 302 
Grinding Wheela, Type No. 6, 302 


Grinding Wheela, Type No. 7, 302 
Grinding Wheela, Type No. 8, 303 
Grinding Wheela, Typo No. 9, 303 
Grinding Wheela, Type No. 10, 303 
Grinding Wheela, Type No. 11, 303 
Grinding Wheela, Type No. 12, 303 
Gnnding Wheela, T^e No. 13, 303 
Grinding Wheels Type No. 14. 303 


Offaet Whecla^JlZ 
Straight Cnp Wheela, 311 
Tool-Grinding Wheela, 309 
Standard!, Grinding Wheel. 300 
Star-Wheel Dreaaera, Uae oL 366 
Staralon, Detroit Star Gnnding Wheel Co., 

3ir 

Staraloz, Detroit Star Grinding Wheel Co., 

3ir 

Starting New Wheela, 528 
Sute-Law Requirementa for Dnat Diapoeal, 
396 

State Ordinance! for Ezhauat Syatemi, 390 
Static Preaaure for Ezhauat Syatema, 395 
Steel and Tubing, Cutting of, 195 
Steel Ball Grin£ng, 173 
Steel Balia, Accura^ of, 174 
Steel Caainga, Qrinaing of, 427 
Steel Caatinga, Wheela for Grinding, 339, 
351, 353 

Steel, Cutting oL 195 

Steel, Diik Grinding of, 136 

Steel Mill Rolla, Dimenalona of. 252 

Steel hfill Rolla, Grinding of, 252 

Steel Shot, 412 

Steel Shot ft Grit Co., 46 

Steel Shot, Sisca of, 412 

Steel, Wheela for Gnnding, 339, 352, 353 

Steel Wool, 28 

Steel Wool, Foreira Production, 28 
Stellite Grinding, 262 
Stellite, Wheela tor Grinding, 339, 352 
Sterbon, Sterling Grinding Wheel Co., 315 
Sterling Gnnding Wheel Co., 45, 315 
Sterling Grinding Wheel Cq^ Sterbon, 315 
Sterlitb, Sterling Grinding Whed Co., 315 
Stevena, Fredenc B., DaU on Burniahing 
BallC424 

Stevena, Frederic B., Data on Poliahing 
and Buffing Speeda, 487 
Stitched Poliahing wheda, 485 
Stock Removed in Diak Grinding, 133 
Stone Finlahlng Wheel, 401 
Stonea, Pulp, 25 
Stopper!, Glaaa, Grinding, 433 
Storage of Wheela. 355 
Stove Caatinga, Wheela for Grinding, 353 
Stove Part!, Poliahing, 494 
Stove Part!, Wheela for Grinding, 340, 352 
Stove-Plate Grinder, 162 
Stove Plate Gnnding, 265 
Straight Work in Centerleai Gnnding, 62 
Strap Poliaher, 516 
Street-Car Track Grinding, 279 
Street-Car Wheela, Grindiu, 179 
Street Railway Croaainga, Gnnding of, 210 
Stringer, A» Data on File Gnnding, 205 
Structural Steel, Wheela for Gnnding, 353 
Stud, Ball, Grinding of. 110 
Suggeationa, Buffing, 481 
Suggeitiona for Operating Wheela, 361 
Super<calender RoU^ Gnnding of, 251 
Superior Corundum Wheel Co., 45 
Superior Grinding Wheel Co., Carbo-z, 313 
Supenor Grinding Wheel Co., X-l-ite, 315 
Superviaora, Gnnding Wheel, 401 

Surface Grinding 

Machinea, 162, 266 
Machinea, Truing Wheda for, 369 
Operationa, 269 
Wheda, Speed for, 364 
Surfacer Coat, Automobile Body, 422 
Surfacing Marble Floora, 452 
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Sweei^Froi, CiMrance for Drill Grinding 

Swing-Frame Grinden* 165, 426 
Switu Matei, Grinding of, 212 
Bwitoli Tongnee, Grindmg of. 213 
Tible Forks, Grinding o£.18B 
Ttbla KnltTGriodlak lif 
Table of Wheel Qrcumferencei, 364 
TtUow Stick, 516 

Tip and Reamer Flnte Grinding 246 
Taper Grinding; 88, 92 
Taper Grinding Internal, 90 
Tapi, Wb^i St Grinding. 340, 352 
Terraxso Floor Flnlihlng, 452 

Teatlii^ 

Abrasive Coated Prodncta, 41 
for BaUne& 529 
Wheels, 299 

Wheels for Effldeng|% 356 
Wheels for Safety. 358 
Theory, Grain Dem of Cat, 74 
Thick Abrasive Ordes, 138 
Thread Grinder, 166 
Thread Grinding, 276 
Thread-Chaser Orinijnm 277 
Threads, Wheels for Grinding, 352 
Throttle Valve, Locomotive, Grinding of, 
285 

Throngh-Feed Method in Centerless Grind- 

Tile, Whedi for Orioding, 340, 352 
T!n Foil RoUi, 253 
Tires, Locomotive, Tming o£ 385 
Titan Machine ft Mfg. Co., Data on 
Honing. 381 
Tone, Frank J.. 4 
TomeiL Switch, Grinding oi, 213 
Toof Grinder, 1* 

Tool Grinding, 277 
Tool Grinding, Wheels for, 340 
Tool Grinding Wheels, Standard, 309 
Tool-Post Gnnder. 166 
Tool Sharpening, 425 
Tools, Diamond, Shapa 127 
Tools for Antoniotlve KegrindinG^ 246 
Tools, Wheels for Grinding, 352 
Track Grinding, 279 
Track Grinding^Machlneik 167 
Trade Names. Ending Wheel, 313 
Traverse Feed, 88 

Traverse Feed in Centerless Grinding; 55 

TrlpoU 
Analysis of, 29 
Cdor 4 3d 

Companion with Diatomaceoua Earth, 
30 

Deposits, 32 
How Found, 32 
^afic Gravity of, 30 

Truffle wnding, 469 

Tming 

Abrasive Disk^ 140 
Wheels. 366, 529 
Internal GnndlM Wheels. 219 
Saw-Gumming wheels, 369 
Wheels for Qriindrical Grinding, 367 
Wheels for Internal Gnndlng, 369 
Wheels for Snrface Grinding, 271 
Wheels for Snrface Grinding. 369 
Tubes, Wheels for Grinding, 352 
Tubing, Centers for Grinding, 104 
Tubing, Cutting off, 195 
TublnS Wheels for Grinding. 340 
Tumblers, Overblow, 432 
Tumbling Barrels^ie oL 426 
Tnn^ten Rods, Wheels for Grinding, 340, 


l^klBh Emery, 14 
Turkish Emei^ " 
Twist r 

Twist rw 4Wi 

Type of Oil for Grindin 


irjctsn J&mery, it 
irklsh Emery Deposits, 14 
prist Drills, Grinding o£ 108 
rist DriUi, Wheels for Grind 


_ -Jndiog, 353 
Machines. 404 


Type ox Uil lor Onndmg A&aeiuni 
l^ewriten-Flaten Grinding; 466 
Union Sanitary Works, Data on 


SanlUry Works, J 
Ware Grinding 467 


on Sanitary 


Union Stone Co., __ 

Unique Grinding Operations, 469 
United States Fubhc Health Service; Data 
on Dust Disposal, 3S^ 

United States Sand Paper Co., 44 

UnlverMl 

Grade Scaltk 316 
Grinder, 167 

Grinder, Cntter Sharpening on, 96 
Grinder, Face Grinding on, 91 
Grinding Practice, 89 
Uneven Sparking; 88 

Use 

of Aluminum Oxide and Paper Cloth, 37 
of Backrest 97 
of Emery Qoth, 37 
of Flint Fmer and Doth, 37 
of Garnet Paper and Doth, 37 
of Lubricants, 97 
Vacuum Chucks, 418 

VnlvM 

Grinding, 284 

Grinding, Abrasives for, 285 
Grinding, Appliances for, 284 
(Ending Machines, 168 
Tappets. Wheels for Grinding, 353 
Device for Driving, 109 
Wheris for Grinding, 340, 353 
Variety of Sanding Machines. 40 
Ve^eally Operated Laps, 438 
Viscosity of 402 

Vttreous Wore, Wheels for Grinding, 340 
Vltriers Diamond. 126 
Vitriflod Wheel U)., 45 
Vitrifled Wheel Co., Borite, 313 
Vitriiied Wheel Co., Carborite, 314 
Vltrifled Wheel Co.. Eariy Manufacture of 
Vitrified WheeU, 295 
Vitrified Whoelo, When First Made, 295 
^trifJriuC Kins, 298 
Vitrifyfog Wheels, 298 
Volume of Cylinder. 413 
von Berqnen, L., Diamond Cutung, 118 
V-Threads, Grinding of,^276 
Vuicanite^^New York Belting ft Packing 

Wade, 'Frank B., Data on IBamond 
Setting, 126 

Wallace 45 . . ^ , 

Walrus-Hide Polishing Wheels, 486 
Waltham Eme^ Wheel 2W 
Waltham Grinding Wheel Co., 45 
Waltham Grinding Wheel Co., Alowalt, 313 
Waltham Grinding Wheel Co., Carbowalt, 
314 

Warren County Garnet Mills, Inc,, 46 
Waterproof Abrasive Papex\ 42 
Wausau Abrasive! Co , 44, 46 
Wax FUled Wheel^93 
Wear of Grinding Wbeeli. 359 
Web, Wire, When First Used, 295 
Weights of Grinding Wheels, 361 
Welds, Wheels for wndlng. 353 
Wells, F. X.. Data on Grinder^s Consump- 
tiou. 400 

Weitflela Grinding Wheel Co., 45 
Wet Gnnding of Knives, 235 
Wet Grinding Wheels, ^9 
Wet Tool Grinding, Speed for, 364 
Wet Wheeling Weather, 449 


645 



INDEX — Continued 


WhMl 

Acddent, Grinding, Firit, 295 
Brcikage, DaU on, 519 
Cu, Gnndlng, 178 
Flange Spedncationi, 526 
Grinding Wear o^ 359 
Ironing, 401 

Making by Silicate Proceii, 299 
Operating Rolea, 528 
O^ratiu Suggectiona, 361 
Pricea, Early. 295 
Prodnctlon, Checking, 288 
Shaving on Potter’a Lathe, 298 
Speed Tables Manhattan Rnbfa 
Co^ 365 
Sponda, 364 

Speeda for Variona Kinda of Work, 364 
Grinding Standarda, 300 
Standarda, Rey to Letter Olmenaiona, 
301 

Tnuttjb 366, 529 
Uae. to^naibility for, 528 
Wooble, binding, lis 
Wbed Truing Brake Shoe Co., Data on 
Abraaive Brake Shoea, 384 

Whenla 


Robber Mfg. 


352 

Rimi, 


for Gnndlng Artificial Ston^ 342, 35 
for Grinding Anger Bita, 353 
^^*337 ^350 Antomobile Ri: 

for Axe Grinding, 325, 342 
Car, Truing ofloS 
Cpitrifugaf Force in, 288 
Grcnmference of, 364 
C^ne. 452 

Cnp, Flanng Standard. 310 
^p. Straight Sunday, 311 
Qittlng.0«. SUndard, 508 
Cntoi^ 290 

grljnder. Standard, 306, 309 

Ela^c, ]^wFirit Made, 296 

Facing of, 299 

FiUed. 29 !i 

FintSale of, 295 

for ^ate Grinding, 325, 342 

Sending Agricnltnral Implementa, 

for Muiwnuni Grindng, 325, 342 

for Anvil Grinding, 32r 

for Armature Grin^nr, 325, 342 

for ^e Grinding, 325, 342 

for Ball Gnnding, 325 

for Ball-IUce Gnnding, 325, 342 

for Gnndlng Balia, 342 

for Ba^ TA Gnnding, 326. 343 

for BiUrt Grinding. 326, 343f 

for Bit finding, 326, 343 

for Bolt Gnnding, 326, 343 

for Brake Shoe Gnnding, 326 

for Braaa Grinding, 326, 343 

Breakage of, 518 

for Briclc Grinding, 327. 343 

for Broach Gnnding, 327, 343 

to Bronac Gnnding, 327, 343 

Buffing, Selecting, f04 

tor Buhratone Gnnding, 327. 343 

Buahing of, 299 

for Buahing Gnnding, 327, 343 

for Gnnding Buttona, 343 

for Cam Gnnding, 327. 343 

for Gnnding Cam Rollera, 344 

fo^^Cam-Snaft Beanng Grinding, 328 

for Gnnding Car Wheela, 328. 344. 353 
for arbon Gnn^ng 328. 344 
^*^*344^°*^ Clothing Grinding, 328, 

for Cait Iron Gnnding. 328. 344 
Centerleai Gnnding, 328 
for Cham Link Grinding, 329, 344 


for Chaaer Grinding, 329, 344 
for Chilled Iron Gnndlng, 329, 344, 353 
for Grinding Chliela, 344 
for Qay Gnnding, 32R 344 
for Commutator Tending. 329, 345 
for Grinding Concrete, -329, 345^ ^ ^ ^ _ 
for Grinding Connecting Roda, 329, 345 
for Copper Grinding, 329, 345 
for Coupler and Drawbar Grinding, 330, 
345 

for Crankahaft Grinding 70. 33^ 345 

for Cntlery Grinding, 350, 345, 353 

for Cutter Grinding, 330. 345 

for Cylinder Grinding, 247, 330, 345 

for E9e Grinding, 330, 345! 353^ 

for Drill Grinding, 331, sS 

for ^^nding Drop Forglnga, 331, 346, 

for Grinding Edge Toola, 353 
for File Grinding, 331, 3^ 
for Fluting, 331 

for Grinding Fork Unea, 331, 346 
for Grinding Froga and Swltchea, 331, 346 
for Grinding Oaugea, 331. 346 
for Grinding Geara, 331, 346 
for Grinding Glaaa 331*346 
for Grinding Gramte, 333, 347 
for Grinding Gray Iron, 353 
for Grinding Guide Bara, 333, 347 
for Grinding Hammera, 333, 347, 353 
for Grinding Hard Rubber, 353 
for Grinding Hollow-Ware, 35 3 
for Grinding Houainga, 347 
for Internal Grinding, 218 
for Gnnding Rnivea. 333, 347 
for Grinding Lathe Centeri, 334 
for Grinding Leather, 334 
for Grinding Locomotive Linki, 334 
for Machine Shop Grinding. 348 
Grinding. Manufacture of, 297 
for ^nmng Malleable Iron, 334, 

for Grinding Marble, 348 
for Marble and Stone Grinding, 334 
for (^n^ng Metallographic Specimens, 
335, 348 

for Gnnding Monel Metal, 335, 348 
for Grinding Needlea. 335, 349 
for ^nding Pearl, 335, 349 
for Grinding Pins, 349 
for Grinding Pipe, 349 
for Gnnding Pipe Balls, 336, 349 
for Gnnding Pistons, 336, 349 
for Gnnding Piston Pma, 336, 349 
for Grin^ng Platon Rinna, 336, 349 
for Grinding Piston RoiS, 336, 349 
for Grinding Plowa 336, 349, 353 
for Grinding Porcelain, 336, 349 

for Razor Gnnding, 337, 350 
for Reamer Grindrng, 337. 350, 353 
for ^n^ng Ufle Barrela. 350 
for R^dU Gnnding 251. 33>. 350, 353 
350 Roller Bearing Cupa, 337, 

for Grinding Rollers for Beanngi, 337 
for ^nding Sad Irons, 338, 351 
for Grinding Stfei, 338, 351 
for Gnnding Sand Corea. 338, 351 
for Gnn^ng Saws. 338. ^51 
for Gnnding Sdaaora and Shears, 338, 351 
fM Shovel Gnnding, 261, 338. Jsi 
for Gnnding Skates, 338 
for Grinding Slate, 338, 351 
for ^ndtng Splinei, 339 
for Gnnding Spline Shafts, 351 
for Gnnding Spnnga, 339, 351 
for Gnnding Steel, 339. 352, 353 
^o'j^ndlng Steel Callings, ^339, 351, 

for Grinding StelUte, 339, 352 
for Gnndmg Stove Caitingi, 340, 352, 


348, 
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for Qrlndiag StructarAl Steol, 353 

toa2s3gf¥s:idW 

for Grinding Tac, 3 A 351 

^xod ind XiMdod. 3I7 

Green, Sluvinjr 293 

for Wav Chinmnft 177 

Orindinft Weighti of, 361 

Grinding, WetJ 529 

Honepow Required to Operate, 318 

Intonud, Stander^ 306 

Inipccdon After Breakage 0^ 528 

Large, Econom/ 292 

Locomotiye, Tralng oi 385 

New, Staling, 528 

Offiet, 312 ' 

Patent! on, Early. 295 
Preeaure RMnired to Preei, 297 
for Rough Grinding, Speadi of, 427 
PoUihlngand BTifflSg,^4 
Rubber Bond, MinuTacture of, 299 
Sectional, 321 
Selection of, 323 
Sharing oi 298 
Shellac, Manu&etnre of, 299 
SklUet, 354 

Speedi ot For Rough Grinding, 427 
Sundard Qrindlng,^^^ Na L 302 

Standard Grinding, lype No. 2, 302 

Sun^rd Qrindlnft No. ? 302 

Standard Grinding, Th>c No. 4, 302 

Standard Grjnding, Ttpc No. 5, 302 

SUndard Grinding, Type Na S 302 

Sundard grinding. Type No. 302 

Standard grinding. Type No. 8, 303 

Sundard Grinding, Type No. 9, 303 

Standard Grinding, Type No. 10, 303 
Sundard Grinding, Type No. 11, 303 
Standard Grinding, T^e No. 12, 303 
Sundard Grinding^ Th>e No. 13, 303 
Standard Grinding, Type No. 14, 303 
Storage of, 355 
Teiting for Safety, 358 
Tool Grinding, Standard, 309 
Trade NtmsCsiJ 
VltriBe^ Wbea Flnt Made, 195 
Vltrlfyjn, oL 298 
Wire-Wd, i69 
Whetting Qiiaela, 184 
White Bleached Buffa, 506 
Whiu Heat ProducU Co,, 45 
White Heat P^ucu Ca, Bathlte, 313 
White Rouge. 32 
Wide Weel Grinding, 97 
Wire Web, When Firat Uied, 295 
Wire- Web Wheeli. 369 


R^iconiin Code for Dnit DIapoaal, 396 

Wobble Wheel Grinding, 286 

Wolf! New Procc!! AbirauTe Wheel Co., 

Wood^^an A., DaU on Snrface Grinding, 

Wood Floora, Surfacing, 40 
Wood PoUihing Whe^486 
Woodimklng Toole, Wheela for Grinding, 

Wool, Steel. 28 

Worceiter Polytechnic Inititute, Data on 
Drill Grinding, 199 

Wodc 

Applying to Wheel, 529 
CenterlnjL 67 
Driver, ^ 

Faulty Setting of, 105 
' Locating Devicee, 98 

Reat for Centerleii Grinding, 55 
Raeti, 530 
Siring of. 87 
Speed, ll£ 413 

Speed for Camahaft Grinding, 49 
Speed for Cylindrical (grinding, 115 
Speed for Ronghlng, 113 
Spe^ Negative, 1^ 

Speed, Fourive, 115 
Speed, Regulation of, 113 
Working Leather with Abraalvei, 449 
Speed, Internal Grinding. 218 
for Gnndlng Tooli, 340. 352 
for Grinding Tubing, 34a 352 
for Grinding '^ngetan Roda, 340, 352 
for Grinding TwUt DriUa, 353 
for Grinding Welda, SSF 
for Grinding Woodworking Toolt, 353 
for Grinding Worma, 340, 353 
for Grinding Wrencbea, ^4a 353 
for Grinding Valve Tappeta, 353 
for Grinding Valvea, 3^ 3S3 
for Grinding Vitreoua Ware, 340 
for Grinding Wronght Iron, 353 
for Machine Shop Catting Off, 334 
for Saw Oumml^ 259 
Worm Grinding, 276 
Worma, Mt^eeli for Grinding, 34a 353 
Wrenchea. Wheela for Grinding, 3r40, 353 
Wrought Iron, Wheeli for Grinding: 353 
X4-lte, Superior Grinding Whari Cc^ 315 
Zucker^F. A., Practical PoUahing Hinti, 
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